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PREFACE 

This book, written especially for the enlisted men of Naval 
Aviation, is designed to furnish them with the information 
necessary to the performance of their aviation duties. 

A knowledge of aircraft engines is of primary importance 
to Aviation . Machinist's Mates. Beginning with the basic 
principles of engine operation, this book furnishes general in- 
formation on all types of powerplants. Then the text be- 
comes specific, and provides descriptions of the outstanding 
aircraft engines used in Naval Aviation. 

As one of the Navy Training Courses, this book represents 
the joint endeavor of the Naval Air Technical Training Com- 
mand and the Training Division of the Bureau of Naval 
Personnel. 
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AIRCRAFT ENGINES 




CHAPTER 1 
POWER 

More than 40 years of aviation progress have brought about 
great changes in aircraft engines. The power plant of a mod- 
ern airplane bears little resemblance to those installed in air- 
craft at the turn of the century. The simple installation that 
powered the Wright brothers' plane at Kitty Hawk has given 
way to engines capable of driving airplanes at speeds beyond 
that of sound. 

Early aircraft engines were primarily liquid-cooled. Before 
and during World War I, however, a trend developed among 
French aeronautical engineers toward air-cooled engines. The 
famous Liberty engine, considered a great accomplishment be- 
cause it weighed only 2.02 pounds per developed horsepower, 
was a product of this period. 

Although American manufacturers clung to liquid-cooled en- 
gines, the Navy, about 1920, began installing the air-cooled 
types in its aircraft. You will observe that today there are 
practically no liquid-cooled engines in Naval Aviation, and 
those retained are either obsolete or experimental. 
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TYPES OF ENGINES 

There are two general types of internal-combustion engines 
used in naval aircraft. These are the reciprocating type and 
the turbo-jet type. The latter derives its name from the 
fact that it contains a gas turbine, and ejects its exhaust in 
jet form. 

Structurally, the reciprocating-type engine is further divided 




Figure I. — Reciprocating engine typei. 
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into the in-line and radial types. These designations stem 
from the cylinder arrangement of each type. 

In-line engines have cylinders arranged in a straight line 
in the engine block. Among in-line engine types are the 
vertical, the opposed, and the V, the types again symbolizing 
cylinder arrangement. Generally, in-line engines have been 
developed as liquid-cooled powerplants, although a few air- 
cooled in-line engines have been used. 

Radial engines are built with cylinders evenly distributed 
around the crankcase in one, two, or more tyanks. As a rule, 
these engines have from seven to nine cylinders arranged in a 
circular row, or as many as 28 in four rows of 7 each. Today, 
the majority of engines used in aircraft are of the radial type. 

The latest development of the aircraft powerplant is the 
turbo-jet engine, also air-cooled. Although classified as an 
internal -combustion engine, the turbo-jet is a distinct depar- 
ture from the conventional aircraft powerplant. It is so con- 
structed that the thrust produced by combustion is utilized 
directly without the use of a propeller or any form of me- 
chanical linkage. 

Before you delve too deeply into engine design, it might be 
a good idea to review the principles of engine operation and 
brush-up on a few of the terms so closely associated with your 
daily work as an Aviation Machinist's Mate. 

Since the first part of this book deals with reciprocating en- 
gines ("reciprocating" refers to the alternate back-and-forth 
movement of the piston) , the discussion in this chapter will be 
confined to that type of engine. 

WORK AND POWER 

Work doesn't mean simply applying a force. Work, in the 
mechanical sense of the term, is done only when a resistance 

IS OVERCOME BY A FORCE ACTING THROUGH A MEASUREABLE DIS- 
TANCE. Notice that two factors are involved — force and 
movement through a distance. The force is normally meas- 
ured in pounds and the distance in feet. Work, therefore, is 
commonly measured in a unit called foot-pound (abbreviated 
ft.-lb.) . Thus, if you lift a 100-pound weight through a ver- 
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tical distance of 3 feet, you have performed 300 (3 X 100) 
foot-pounds of work. 

Power is the rate of doing work and is expressed as work 
per unit of time. If it takes you 1 second to lift the 100-pound 
weight a distance of 3 feet you have exerted 300 ft.-lbs. per 
second of power. If it takes your buddy 4 seconds to lift the 
same weight the same distance, he has only exerted 75 ft.-lbs. 

per second of power ^^^^~ V That rates vou » m * n ^ s 

instance, four times more "powerful," even though he has done 
the same amount of work. 

The common unit of mechanical power is horsepower, ab- 
breviated hp. Late in the eighteenth century, Watt defined 
one hp. as the power required to lift a weight of 33,000 pounds 
to a height of 1 foot in 1 minute of time, or 33,000 ft.-lbs. per 
minute. To reduce this to seconds, simply divide by 60, and 
you get 550 ft.-lbs. per second. 

Remember, work is the product of a force and a distance, 
and power is work per unit of time. Consequently, if you 
lifted one pound to a height of 33,000 feet in 1 minute, the 
work performed would be 33,000 ft.-lbs. and the power exerted 
would be 33,000 ft.-lbs. per minute, or one hp. 

Don't form the mistaken idea that work is done only when 
a force is applied for lifting, for the force may be exerted in 
any direction. Let us suppose that you drag the 100-pound 
weight along the ground. You are still exerting a force, al- 
though its line of action is approximately horizontal. The 
amount of force required to drag the lOO^pound weight would 
depend on the smoothness of the ground. 

If you were to fasten a spring scale graduated in pounds to 
the weight, and then to drag it by pulling on the handle of the 
scale, you could determine the pounds of force applied. If you 
exerted 80 pounds, and dragged the weight 660 feet in 2 min- 
utes, you will have performed 52,800 ft.-lbs. of work in 2 
minutes (80 x 660), or 26,400 ft.-lbs. each minute. Since a 
horsepower represents 33,000 ft.-lbs. per minute, you will have 
« , 26,400 n 0 . 

^^stooo^ 0 ' 8 hp ' 



Now let us see how all this applies to aircraft. 



that the air is constantly tending to hold back an airplane in 
flight, and that this resistance must be overcome as the air- 
plane flies. Let's say, for example, that an airplane is mov- 
ing at the rate of 220 feet per second, which is 150 miles per 
hour (m.p.h.), and that the total resistance of the air is 
equal to 250 pounds. How much power is required to keep 
the airplane moving at this speed? 

The work per second is 250 X 220, or 55,000 ft.-lbs. Since 
one hp. is 550 ft.-lbs. per second, you divide 55,000 by 550, and 
get an answer of 100 hp. This, then, is the horsepower re- 
quired to fly an airplane at a speed of 150 m.p.h. when the 
resistance is 250 pounds. 

ENERGY INTO WORK 

The amount of this power required to spin an airplane pro- 
peller is obtained by harnessing the energy created by com- 
bustion, which is simply burning (although technically it 
means the uniting of fuel and oxygen). This process is ac- 
companied by the generation of heat, and heat is a form of 
energy which may be converted into work. 

Gasoline has greater heat energy per pound than any other 
common substance, thus making it an ideal fuel for airplane 
engines. The oxygen needed for combustion is supplied by 
the air — about 15 pounds of air for each pound of fuel is the 
ratio required by an airplane engine. 

To understand how an airplane engine operates, there are 
two simple laws of physics that must be considered. 

First, if the temperature of a confined gas is not changed, 
the pressure will increase inversely as the volume is decreased. 
Conversely, the pressure will decrease inversely as the volume 
is increased. That principle is known as Boyle's Law. A 
simple demonstration of how this law works may be made with 
a toy balloon. If you squeeze the balloon, its volume is re- 
duced and the pressure of air inside the balloon is increased. 
If you squeeze hard enough, the pressure will burst the balloon. 

Second, if a gas under constant pressure is so confined that 
it may expand, an increase in the temperature will cause an 
increase in volume. This is Charles' Law. If you hold the 
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inflated balloon over a stove, the increase in temperature will 
cause the air to expand and, if the heat is sufficiently great, the 
balloon will burst. Thus the heat of combustion expands the 
gas in an engine cylinder. 

There you have the basic principles of aircraft engine opera- 
tion. An engine is actually a device for converting heat 

ENERGY INTO MECHANICAL WORK. 

Briefly, .here's how the conventional reciprocating, internal- 
combustion engine operates. Gasoline is mixed with air, and 
the mixture is forced or drawn into a cylinder, compressed by 
a piston, and then ignited by an electric spark. The conver- 
sion of the heat energy of the fuel into work is accomplished 
within the cylinder. Figure 2 illustrates the various compo- 

INTAKE SPARK PLUG EXHAUST 




Figure 2.— Component* and terminology of angina operation. 
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nents acting together to accomplish this conversion, and also 
presents the principal terms used to indicate engine operation. 

When the compressed mixture is ignited, the resultant gases 
of combustion expand very rapidly and force the piston to 
move away from the end of the cylinder. This downward 
motion of the piston, acting on the crankshaft through the 
connecting rod, is converted into a circular or rotary motion 
by the crankshaft. The rotating crankshaft spins the pro- 
peller. The momentum of the crankshaft and propeller also 
forces the piston back up toward the end of the cylinder where 
it is ready for the next cycle. 

A valve in the top (head) of the cylinder opens to allow the 
burned gases to escape, then closes while another valve opens 
to let in a fresh fuel-air mixture. The valve allowing for 
escape of burned gases is called the exhaust valve, and the 
valve letting in the new mixture is known as the inlet or 

INTAKE VALVE. 

These valves are opened and closed at the proper time by a 
system of gears and cams. 



FOUR-STROKE CYCLE 

Each complete movement of the piston in one direction is 
called a stroke. The series of events occurring between the 
entrance of a charge of fuel-air mixture and the exhaust of the 
burned gases is termed a cycle. 

Most aircraft engines are of the four-stroke cycle type in 
which each piston makes four strokes during a complete cycle. 
In figure 3 is shown the basic operations involved in a four- 
stroke cycle engine. 

Assuming that the engine under discussion is now operating, 
let's look at view (A) of figure 3. The piston illustrated is 
moving downward — or toward the crankshaft — as a charge of 
combustible mixture is forced into the cylinder through the 
intake valve opening. This stroke is the intake stroke. 

In view (B) of figure 3, the piston has passed its lowest 
point (bottom dead center) and is moving upward, or away 
from the crankshaft. The charge is being compressed, hence 
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the term compression stroke. During this stroke, both in- 
take and exhaust valves are closed. 

Shortly before the piston reaches the top of the compression 
stroke, a spark is produced across the points of the spark plug, 
igniting the compressed mixture. Because this ignition occurs 
just before the piston reaches its top position (top dead cen- 
ter), the pressure produced by combustion is utilized most 
effectively. 

The hot gases produced by combustion create tremendous 
pressure on the piston, forcing it to move downward again. 
This is demonstrated in view (C) of figure 3, and is called the 
power stroke. Near the end of this stroke, the exhaust valve 
opens and the gases begin flowing out of the cylinder. 

The moving crankshaft causes the piston to return upward 
once again, as illustrated in view (D) of figure 3. During this 
exhaust stroke, the remaining gases are forced out of the 
cylinder. 

Note that for each complete cycle of operation, the piston 
makes two trips up and two trips down. For each up and 
down motion, the crankshaft makes two complete revolutions 
for each four-stroke cycle. Since all the pistons in an engine 
are connected to the same crankshaft— this holds true regard- 
less of the number of cylinders — each cylinder in an engine 
fires once for each two revolutions of the crankshaft. 

The power strokes in the various cylinders are timed to give 
consecutive "pushes" at equal intervals so as to keep the crank- 
shaft turning with a minimum of vibration. 

In actual engine operation, a number of varying conditions 
control engine efficiency. These conditions are governed by 
the following rules: 

As the weight of properly proportioned vaporized fuel-air 
mixture admitted into an engine cylinder increases, the power 
increases, provided the charge is not compressed above the 
critical pressure for the fuel. The critical pressure of a fuel is 
the pressure at which the vaporized fuel-air mixture will de- 
tonate at normal engine-operating temperatures. Normally, 
engine fuel mixtures burn outward at an even rate from the 
ignition spark or sparks. Detonation is a too-rapid burning 
or explosion of the last quarter (approximately) of the com- 

8 




A B 




C D 

Figure 3. — Four-stroke cycle. 

bustible material. It takes place when the pressure in th6 
cylinder increases beyond the prescribed limits for the fuel. 
As the percentage of exhaust gases scavenged from the cylin- 
der is increased, the volume available for the intake charge is 
increased, and consequently more power may be developed. 

By opening the intake valve before the piston reaches top 
center on the exhaust stroke, more fuel-air mixture is ad- 
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mitted into the cylinder at normal operating speeds. This 
timing results in poor efficiency at low speeds. However, the 
sacrifice is well worth the gain at normal operating speeds. 
By allowing the intake valve to remain open during a part of 
the compression stroke, the charge of fuel-air mixture is fur- 
ther increased. Actually, the intake valve is open during part 
of the exhaust stroke, all of the intake stroke, and part of the 
compression stroke. 

The exhaust valve opens when the piston is approximately 
two-thirds down the power stroke. This not only aids in re- 
moving burned gases, but results in more efficient cooling of 
the cylinders. By allowing the exhaust valve to remain open 
during the last part of the power stroke, the full length of the 
exhaust stroke, and the first part of the intake stroke, prac- 
tically all of the burned gases are expelled from the cylinder. 

The igniting of the fuel charge is a vital element in the 
operation of a conventional aircraft engine, and must take 
place at exactly the proper time. The ignition system is 
therefore timed to ignite the charge before the piston reaches 
top dead center on the compression stroke in order to allow 
sufficient time for the burning charge to reach its maximum 
pressure at the instant the piston passes top dead center. 

Because the rate of burning is affected by the compression 
of the charge — and the compression of the charge is governed 
largely by the weight of the fuel-air mixture admitted into the 
cylinder — the time at which the charge is ignited should vary 
with the throttle setting in order to obtain maximum efficiency 
at all engine speeds. 

TWO-STROKE CYCLE 

Many of the auxiliary powerplants for the big flying boats 
are of the two-stroke cycle type. In this type of powerplant, 
the valves are arranged differently, and only two strokes (one 
upward and one downward) are necessary to make a complete 
cycle. This is illustrated in figure 4. 

The crankcase intake and cylinder compression strokes are 
•combined in the upward movement of the piston. The crank- 
shaft makes one revolution for each complete cycle. All 
cylinders fire once for every revolution of the crankshaft. 
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CYLINDER COMPRESSION AND 
CRANKCASE INTAKE STROKE 





CYLINDER POWER AND CRANK- 
CASE COMPRESSION STROKE 



CYLINDER INTAKE AND 
EXHAUST STROKE 




Figure 4. — Two-stroke cycle. 
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COMPRESSING THE CHARGE 

In a conventional aircraft engine, the fuel-air mixture must 
be compressed to attain efficient combustion and produce 
maximum pressure. If the charge is ignited at atmospheric 
pressure, combustion is slow and the pressure or power pro- 
duced is relatively low. 

An engine that compresses the charge to 100 pounds per 
square inch (p.s.i.) will develop approximately one horse- 
power for every four cubic inches displaced by the piston. 

By compressing the charge to 140 p.s.i., one hp. of work may 
be produced by approximately 1.8 cubic inches of piston dis- 
placement. In general, the power and efficiency of an internal- 
combustion engine increases proportionately with compression. 
However, compression pressures are limited by the fuel used 
and the service for which the engine is intended. Extremely 
high compression results in premature firing (detonation) and 
sets up heavy stresses in the structural parts of the engine. 

Up to certain critical limits, the effects of compression in 
increasing the efficiency and output of an engine are twofold: 

1. Compression produces heat which aids in the vaporiza- 
tion of the fuel. 

2. At the point of maximum compression, the smaller 
volume of gas leads to more effective burning. 

The compression obtained in any cylinder is affected by the 
following factors: 

1. The ratio of the total volume of the cylinder to the 
compression space, or the compression ratio. (In a 
cylinder having a piston displacement of 80 cubic 
inches and a combustion chamber space of 20 cubic 

80 -I- 20 

inches, the compression ratio is — — =5, or, as it 

more commonly appears, 5:1.) 

2. The pressure of the charge in the cylinder when the 
compression process begins. 

The compression pressure in the cylinder varies directly with 
the initial pressure of the charge at the beginning of the com- 
pression stroke. The initial pressure is determined by the 
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volume and density of the charge admitted to the cylinder, or 
the volumetric efficiency of the cylinder. 

Volumetric efficiency is the ratio of the volume' of the 
fuel-air charge admitted into the engine cylinder at atmos- 
pheric pressure and temperature to the piston displacement, 
and is expressed as a percentage. For example, a volume of 
95 cubic inches of fuel-air mixture admitted into a cylinder of 
100 cubic inch displacement has a volumetric efficiency of 95 



Through the use of superchargers, volumetric efficiency may 
be increased^ higher than 100 percent because the charge is 
forced into the cylinder at pressures above atmospheric. Thus, 
the higher the manifold pressure readings of an aircraft engine 
in operation, the higher the compression pressure of the charge 
and the greater the power output. 



There are a number of factors that affect the horsepower 
which any reciprocating, internal-combustion engine may pro- 
duce. These are the bore, the stroke, the mean effective pres- 
sure, the number of revolutions per minute, and other factors 
such as friction and volumetric efficiency. 

Bore means the inside diameter of the cylinder. Increasing 
the bore will increase the quantity of fuel and air that can be 
contained in the cylinder. 

By stroke is meant the total distance that the piston moves 
in one direction, or the length of its movement from top dead 
center to bottom dead center. Increasing the stroke also in- 
creases the amount of fuel and air that can be admitted into 
the cylinder. 

Mean effective pressure (usually abbreviated m.e.p.) in- 
dicates the average pressure in pounds per square inch inside 
the cylinder during the power stroke. The m.e.p. is naturally 
determined to a large extent by the compression ratio. The 
m.e.p. can be measured by a pressure gage or indicator installed 
by connections leading into the combustion chamber. The 
pressure in the cylinder varies from a maximum shortly after 
combustion to a minimum near the bottom of the stroke. 



percent. ( r^jr = 0.95 = 95 percent 




HORSEPOWER CALCULATIONS 
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Revolutions per minute affect the horsepower. Obviously, 
as the number of power impulses is increased, more power is 
produced. 

There are other factors that affect the horsepower to some 
extent, although their effect in many instances is difficult to 
calculate. Among' these factors are the shape of the combus- 
tion chamber, the air temperature, barometric pressure, hu- 
midity, and the friction of the various moving parts of the 
engine. 

Indicated horsepower (i.hp.) of a four-stroke cycle engine 
can be calculated by the following formula — the word plank 
is used for ease in remembering this formula. 



P denotes mean effective pressure in pounds per square 
(p.s.i.). 

L indicates the length of the stroke in feet or fractions of 
a foot. 

A is the area of the piston head, or the cross-section of 

the cylinder, in square inches. 
N represents the number of power strokes per minute per 



cylinder ^ "2 j* 
K denotes the number of cylinders. 

No difficulty should be experienced in understanding how 
horsepower is calculated by this formula. The area of the 
piston times the pressure per square inch gives the force on the 
piston in pounds. This force multiplied by the length of 
the stroke in feet or fractions thereof gives the work per- 
formed in one power stroke. By multiplying the amount of < 
work done in one power stroke by the number of strokes per 
minute, you get the number of ft.-lbs. per minute for one 
cylinder. Multiplying this by the number of cylinders gives 
the total number of ft.-lbs. per minute for the engine. Since 
one horsepower is 33,000 ft.-lbs. per minute, the total number 
of ft.-lbs. is divided by 33,000 to find how many horsepower 
are being produced. This is indicated horsepower. 



plank 



= i.hp. 



33,000 
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Brake horsepower (b.hp.) is the power available for actual 
use in spinning the propeller. This may be determined by a 
device known as a prony brake which, in its simplest form, 
is a brake applied to a drum rotated by the crankshaft. By 
measuring the force on the end of an arm attached to the 
brake, the actual (effective) horsepower being produced by 
the engine can be determined. Brake horsepower may also be 
determined by a dynamometer or a calibrated club propeller. 

Friction horsepower (f.hp.) is the horsepower expended in 
overcoming the friction of the moving parts; in drawing in the 
charge and expelling the burned gases; and in driving the 
accessories, oil pumps, etc. Friction horsepower is the differ- 
ence between indicated horsepower and brake horsepower. If 
any two of these three horsepowers are known, the third may 
be calculated by using the following formula: 

b.hp. = i.hp. — f.hp. 

Brake mean effective pressure (b.m.e.p.) is another term 
used in connection with horsepower. It is the theoretical 
mean effective pressure which would produce the actual brake 
horsepower if frictional losses were not present. 

Maximum power is the greatest power the engine is capable 
of producing under any circumstances. In most cases, it is 
permissible to use the maximum power for a short period of 
time only, usually one to five minutes in taking-off. 

Rated power is the power guaranteed by the manufacturer 
for a given r.p.m. 
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QUIZ 



1. What two general types of internal combustion engines are used in 
naval aircraft today? 

2. How is power expressed? 

3. What is the common unit of mechanical power? 

4. If a jeep pulls with a constant force of 900 pounds in hauling a truck 
up a hill one-half mile long, how many foot-pounds of work will it 
perform? 

5. If the jeep is traveling at the rate of four m.pJi., how much power 
does it exert in pulling the load? 

6. A pressure gage indicates the m.e.p. of a 14-cylinder four-stroke cycle 
engine running at 2,000 r.p.m. to be 90 p.s.i.; the length of the piston 
stroke is 0.4 feet ; and the area of the piston head is 6 square inches. 
What is the indicated horsepower for this engine? 

7. In a four-stroke cycle engine, when does the exhaust valve open? 

8. When is the fuel-air mixture in the cylinder ignited? 

9. In the two-stroke cycle engine, how many complete revolutions does 
the crankshaft make for each cycle? 

10. What is the compression ratio of an engine that has cylinders with a 
piston displacement of 120 cubic inches and a compression space of 
20 cubic inches? 
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CHAPTER 2 

ENGINE PARTS 

Reliability of an aircraft engine is of major importance, and 
the major problem in the development of such a powerplant is 
to effect a design insuring both strength and lightness while 
retaining reliability. 

All moving parts of an aircraft engine must be accurately 
machined and balanced in order to reduce vibration and 
fatigue to a minimum. Every detail must be worked out to 
obtain an engine that has good design, is light in weight per 
horsepower, and is comparatively economical in fuel and oil 
consumption. 

An engine is constructed of both moving and stationary 
parts. The moving parts include the pistons, master rod and 
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link rod assemblies, crankshaft, valves, valve-operating mech- 
anisms, reduction gears, accessory drives, and superchargers. 
The stationary parts include the cylinders, engine sections, and 
the assemblies used with each. 

CYLINDERS 

The cylinder acts as a guide for the piston and forms the 
fixed wall of the combustion chamber. It is that part of the 
engine in which the power to accomplish work is developed. 
We will see that the cylinder, its piston and connecting rod, 
and the crankcase form the power section of the engine. 

Cylinders perform a twofold function. They provide a com- 
bustion chamber for the burning and expansion of gases, and 
they house the piston and connecting rod. 

Cylinders designed for aircraft engines are of the I or 
overhead valve type, as shown in figure 5. They are divided 
into two parts — the barrel and the head. The head is screwed 
and shrunk onto the barrel to form a semi-permanent joint. 

Cylinder barrels are machined from steel forgings (formed 
by heating and hammering) or centrifugal castings (formed in 
molds). The inner surface is hardened to resist the wear of 
the piston and piston rings bearing against it. Cylinder hold- 
down flanges are provided for mounting the cylinder to the 
crankcase by studs and nuts and/or cap screws. 

When the cylinder is installed, the portion of the cylinder 
barrel below the hold-down flange extends into the crankcase. 
This decreases the overall diameter of the engine without sac- 
rificing length of stroke, and provides for a very rigid mount- 
ing of the cylinder. 

Some cylinders are fitted with aluminum alloy muffs or 
sleeves in which deep-cut cooling fins are machined. Other 
cylinders are fitted with fabricated aluminum alloy sheetmetal 
cooling fins. 

Cylinder heads are machined from aluminum alloy castings 
or forgings. They have closely-spaced cooling fins and two 
integral rocker boxes (housings). Forged heads withstand 
greater pressures and have greater heat conductivity than cast 
heads because of their increased density. Provisions are made 



18 



I 



CAST ALUMINUM 
„ HEAD 



INTAKE VALVE / EXHAUST VALVE 




Figure 5. — Cylinder cutaway. 

in the cylinder head for the installation of two valves — an in- 
take and an exhaust — and two spark plugs. The head also 
has an intake port and an exhaust port to which, respectively, 
are attached an intake pipe and an exhaust pipe. 

VALVES 

Cylinder valves, as you have seen, open and close the pas- 
sageways which admit the fuel-air mixture into the cylinder 
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and release the exhaust gases. Two valves are used — intake 
and exhaust. 

Valves used in aircraft engine cylinders are of the conven- 
tional poppet type, as illustrated in figure 6. As to shape, the 
three most common types of poppet valves are the tulip, the 
semi-tulip, and the mushroom. Valves are usually made of 
chrome-nickel steel or tungsten steel alloy. Both metals re- 
tain their strengths at relatively high temperatures. 

The head of the valve is that part which opens and closes 
the passageways. It has a ground face which rests on the 
valve seat in the cylinder when in a closed position. A thin 
layer of stellite or other heat-resisting metal, fused to the valve 
face, greatly retards corrosion, pitting, and warping. This 




TULIP TYPE SEMI-TUUP TYPE TVUP TYPE 



Figure 6. — Valves. 
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heat-resisting layer is particularly desirable for exhaust valves. 
The stem of the valve also may be tipped with stellite to reduce 
wear at the rocker-arm contact. 

The stem of a valve acts as a pilot for the valve head when 
the valve is operating. The guide for the valve stein is located 
in the cylinder head. Those exhaust valve stems which are 
hollow are filled with metallic sodium to reduce the tempera- 
ture of the operating valve head. The heat in the valve is 
conducted away from the valve head and out along the stem, 
from which it is dissipated. 

Most intake valves have a tulip- or a semi-tulip-type head 
and a smaller stem than that of the exhaust valves. Since the 
intake valve is cooled by the fuel-air mixture from the carbu- 
retor, a large stem is not required for heat dissipation. 

Exhaust valves have heavier heads and stems of greater 
diameter than intake valves. This greater weight and larger 
size aids the exhaust valve in withstanding the high tempera- 
ture at which it operates. Most exhaust valve heads are 
hollow and partly filled with metallic sodium. 

Metallic sodium is an excellent conductor of heat. Having 
about six times the heat conductivity of steel, it melts at ap- 
proximately 208 degrees Fahrenheit. The reciprocating move- 
ment of the valve circulates the liquid sodium, which in turn 
carries heat away from the valve head to the valve stem where 
it is dissipated through the valve guide to the cylinder head 
and cooling fins. The temperature of the operating valve filled 
with metallic sodium is thus lowered 300° to 400°. 

This decrease in temperature of metallic sodium filled ex- 
haust valves gives a temperature of 900° to 1,000° for exhaust 
valves in normal operation. 

VALVE-OPERATING MECHANISM 

The valve-operating mechanism of an engine consists of 
those parts opening and closing the valves at the proper time 
in relation to crankshaft position. The mechanism of a single- 
row radial engine will serve to illustrate the functions of the 
individual components. 

The cam ring or cam drum is located in the nose section of 
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Figure 7. — Valve-operating mechanism. 



the crankcase and is driven indirectly by the crankshaft 
through a cam drive gear, as demonstrated in figure 7. The 
cam has lobes spaced on its outer surface to govern the "lift" 
or distance the valve opens and the degrees of crankshaft 
travel through which it remains open. 

The cam follower assembly, consisting of a roller, or wheel, 
and a tappet, is mounted in a tappet guide. The action of the 
cam follower is similar to that of the front wheel and fork of 
a bicycle. Both the cam follower roller and the bicycle wheel 
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follow the contour of the path over which they travel, follow- 
ing each rise or descent as it is encountered. Thus, the cam 
follower assembly converts the cam lobe contour into up-and- 
down (reciprocating) motion. 

A push rod, constructed of hollow tubing with hardened 
steel ball ends, transmits the motion of the cam-follower to the 
rocker arm. 

The rocker arm is mounted on a bearing in the rocker box, 
and transmits the motion of the push rod to the valve. This 
arm is equipped with an adjusting screw which provides for 
adjustment of valve clearance. -This valve clearance com- 
pensates for heat expansion. 

The function of the foregoing units is to open the valve and 
hold it open for the required travel of the crankshaft and 
piston. 

The valve spring assembly consists of two or more valve 
springs, the necessary valve spring retaining washers, and the 
locking devices for securing the spring assembly to the valve. 
These locking devices are known as keepers or split keys, and 
are generally made in the form of a split cone. The function 
of the valve spring assembly is to close the valve and hold it 
securely on the valve seat. Multiple springs are used to neu- 
tralize the vibration by mutual absorption. 

A twin-row radial engine has two cams. The one located in 
the nose section operates the valves of the front row of cylin- 
ders. The other, located in the rear section of the crankcase, 
operates the valves in the rear row of cylinders. 

Most cams have two rows of cam lobes. One row operates 
the intake valves in a row of cylinders, and the other row of 
lobes operates the exhaust valves in the same row of cylinders. 
Some engines have more than one cam per row of cylinders. 
The R-4360, for example, has five identical cams. 

The operation of the valve mechanism may be summed up 
as follows: The cam lobes acting on the cam follower as- 
sembly actuate the push rods which in turn operate the rocker 
arms which open the valves. The valve springs act to close 
and hold the valves securely on the valve seats. 
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PISTONS 



The piston acts as the moving wall of the combustion cham- 
ber. It helps to produce a pressure differential between the 
displacement space and -the intake manifold as the fuel-air 
mixture is admitted into the cylinder. 

After the fuel-air mixture has been admitted to the cylinder, 
the piston compresses the mixture, transmits the work accom- 
plished by combustion to the crankshaft, and forces the burned 
gases from the cylinders. The piston must have sufficient 
strength to withstand the combustion pressures while still be- 
ing as light as possible to keep down inertial forces. When 
you realize that a piston may make more than 5,000 starts and 
stops in one minute at take-off speed, you can understand the 
importance of light yet sturdy construction. 
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Figure 8. — Piston assembly and types of pistons. 
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The top of the piston is called the head, while the sides are 
known as the skirt. 

The majority of aircraft engine pistons are manufactured 
from aluminum alloy. Pistons constructed of aluminum alloy 
forgings reduce operating stresses to a minimum and rapidly 
conduct heat away from the piston head to adjoining engine 
parts for radiation. This results in a comparatively low 
operating temperature for the piston and consequently a low 
heat transfer to the incoming charge during the intake stroke. 
A typical piston assembly diagram is presented in figure 8. 

Pistons are classified as to shape of skirt, and from this 
classification we have the trunk type and the slipper type. 

The piston head may be flat, convex, or concave. Recesses 
are machined in some flathead pistons used in high -compression 
engines to permit the valves to open without interference. The 
inside of the head is usually ribbed for strength and for the 
purpose of increasing surface area for heat dissipation. 

There may be as many as six grooves around the piston to 
accommodate the compression rings and oil control rings. The 
latter are drilled through at several points to allow surplus oil 
scraped from the cylinder wall to be forced into the crankcase 
by the oil control ring. A groove in the piston skirt, below 
the piston pin, accommodates an oil scraper ring to prevent 
excessive oil consumption. 

The sidewalls (skirt) of the piston act as guides or bearing 
surfaces for the head, and incorporate the piston pin bosses. 
These are of heavy construction, and usually are ribbed to 
carry the piston pin load. 

Piston rings prevent leakage of gas pressure from the com- 
bustion chamber and reduce to a minimum the seepage of oil 
into the combustion chamber. The rings fit into the grooves 
of the piston but spring out to make contact with the cylinder 
walls and, when properly lubricated, form a gas seal. They 
must be capable of exerting sufficient spring pressure against 
the cylinder wall to perform their function with a minimum of 
friction. 

Most piston rings are made of high grade cast iron. They 
are of uniform thickness, and a cross section is either rec- 
tangular or wedge-shaped. The gap in the piston ring, where 
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Figure 9. — Cross section of piston rings. 



it butts together in position in the cylinder, may be diagonal, 
step, or butt cut. Only a small amount of seepage occurs at 
the gap, regardless of the shape of the cut. The gaps are 
staggered (not in line) when the rings are installed. 

The oil control ring is generally similar in construction to a 
compression ring. Some manufacturers, however, use two 
thin rings as shown in view (C) of figure 9. These rings are 
milled out at intervals on the lower side to permit surplus oil 
from the cylinder wall to seep freely back into the crankcase 
through the drilled holes in the groove. 

An oil scraper ring, beveled on its outside circumference, is 
shown in (D) of figure 9. Modern types of compression rings 
are similar to oil scraper rings, but with only a slight bevel, as 
shown in (B) of figure 9. 

The piston pin connects the piston assembly to the con- 
necting rod, and is machined from a nickel-steel alloy forging, 
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case hardened and ground. A piston pin is sometimes called 
a wrist pin. Let's look again at the piston pin in figure 8. 
This pin is made hollow for lightness. The type used in air- 
craft pistons is free to move in bearings in the piston and in 
the small end of the connecting rod. It is known as the full- 
floating type. 

A piston pin may be held in place by aluminum plugs or 
spring locks which prevent it from scoring the cylinder walls. 

CONNECTING ROD 

The connecting rod is the link between the piston and the 
crankshaft. It transmits the power of combustion from the 
piston to the crankshaft, thus converting the up and down 
(reciprocating) motion of the piston into a rotary motion at 
the crankshaft. 

The type of connecting rod used depends on the cylinder 
arrangement of the engine. The conventional radial aircraft 
engine is fitted with one master connecting rod, usually called a 
master rod, to which is fastened one articulated or link 
rod for each of the other cylinders in that particular row. 

The master rod may be constructed in either one or two 
pieces, depending upon the construction of the crankshaft. 
Crankshafts constructed in a single piece require a split-type 
master rod, and a crankshaft built in two or more pieces uses 
a single-piece master rod. 

The articulated or link rods are secured to the master rod 
by means of knuckle pins and to the piston by means of piston 
pins. The connecting rods are forged from chrome-nickel steel 
alloy similar to that used for crankshafts. 

CRANKSHAFT ASSEMBLIES 

The crankshaft of the engine receives the power developed 
in the cylinder and delivers it to the propeller. In other words, 
it converts the power stroke of the pistons into rotary motion 
which turns the propeller. 

This unit is a shaft composed of one or more cranks located 
at definite places between the ends. 

Crankshafts are made of alloy steel. In some engines they 
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Figure 10— Master rod assembly. 
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are formed of two or more pieces, while in others they are made 
of a single drop forging. They are machined accurately to 
shape and final size. Crankshafts must be hollow to permit 
proper distribution of lubricating oil. 

The forward end of the crankshaft may be either splined or 
tapered, depending on the type of propeller with which the 
engine is fitted. 

The offset in the crankshaft is referred to as the throw. 
Thus, a crankshaft for a twin-row radial engine with cylinders 
arranged in two rows or banks would have two throws, and 
would be called a double-throw crankshaft (fig. 11). 
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Figure 11. — A double-throw crankshaft. 

Unless some means were taken to offset the weight of the 
throw, the crankpin, and the connecting rods, the engine 
would be badly out of balance and would vibrate to such ex- 
tent as to prohibit proper function. Therefore, the crankshaft 
is equipped with counter-balances. These may be an inte- 
gral part of the original drop forging, or they may be pieces 
of bronze or steel bolted to the crankshaft. 

In some engines the counterbalances are arranged so that 
they can move slightly within reasonable limits, and are held 
in proper location by springs. The slight movement allowed 
by the springs tends to offset the force of the explosions and 
provide for smoother operation. 



SUPERCHARGER 



Modern aircraft engines are equipped with superchargers. 
These devices are nothing more than rotary air compressors 
designed to compress the fuel-air mixture delivered to the com- 
bustion chamber. This action increases the volumetric effi- 
ciency of the engine for high altitude and high r.p.m. operation. 

Since the power developed by the engine is determined 
largely by the weight of the fuel-air mixture inducted into the 
combustion chamber, maximum power output for all altitudes 
can be greatly increased by use of the supercharger. 

The supercharger (fig. 12) consists of a dynamically and 
statically balanced light alloy impeller rotating within an 
aluminum alloy housing incorporating fuel charge passages 
from the carburetor to the intake pipes and forming part of 
the engine crankcase assembly. Either a vaneless or vaned 
diffuser plate is used in conjunction with the impeller to con- 
vert the high velocity of the charge, caused by the high speed 
of the impeller, to pressure before entering the intake pipes 
and cylinders. The impeller is mounted on a steel shaft and 
driven through suitable gearing by the crankshaft. 

Due to the high speed at which an impeller is driven, it is 
necessary to incorporate some means of relieving the stresses 
in the impeller drive gears when the engine is suddenly accel- 
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Figure 12. — Typical internal supercharger — tingle speed. 
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erated or decelerated. This is usually accomplished by a flex- 
ible coupling between the engine crankshaft and impeller 
gearing. This coupling, sometimes called a spring drive, re- 
lieves gear stresses because of its cushioning effect by the 
transmission of the rotative force to the driven gear through 
springs spaced concentrically around the driving shaft. 

In some engines, a coupling using engine oil under pressure 
for cushioning effect is employed. The oil is forced between 
vanes within the coupling housing which is connected to the 
crankshaft by means of suitable gearing which transmits the 
load to the drive gear of the supercharger by means of an- 
chored weights attached to the gear. 

The speed ratio at which the impeller is driven by the crank- 
shaft varies according to the diameter of the impeller and the 
degree of supercharging desired. 
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Figure 13. — Typical internal supercharger — two-stage, two-speed. 
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Some modern engines used for high-altitude flying are 
equipped to operate on either a low or high blower ratio. The 
pilot may change from a low setting to a high setting when 
an altitude is reached that requires additional supercharging 
to maintain comparatively high manifold pressure. 

Internal superchargers are of three types: single-stage, 
single-speed; single-stage, two-speed; and two-stage, two- 
speed. 

The SINGLE-STAGE, SINGLE-SPEED SUPERCHARGER Consists of 

a centrifugal blower or impeller installed in the diffuser sec- 
tion. The ratio of the impeller speed relative to crankshaft 
speed is always the same on the single-speed supercharger. On 
the other hand, a single-stage, two-speed supercharger has 
both a low-ratio drive used for take-off and lower altitudes, 
and a high-ratio drive for higher altitudes. 

The two-stage, two-Speed supercharger (fig. 13) has the 
centrifugal impeller installed in the diffuser section in the con- 
ventional manner, and another similar gear-driven impeller 
ahead of the carburetor. 

INTAKE PIPES 

Intake pipes are the parts of an engine which distribute the 
fuel-air mixture to the various cylinders and provide a cham- 
ber for the fuel to vaporize and thoroughly mix with the air - 
before being admitted to the cylinder. The number and 
design of intake pipes quite naturally depends upon the type 
of engine and the number of cylinders to which they are 
attached. 

In radial engines, individual intake pipes connect the super- 
charger or blower section chamber to the intake ports of the 
cylinders. These particular intake pipes are constructed of a 
thin, light alloy or sheet steel. The cylinder end of the pipe 
is attached by a clamped hose to an integral flange on the 
cylinder. The lower end of the intake pipe is inserted into the 
ports of the blower section and made gas-tight by use of a 
rubber ring and locking nut. This arrangement permits the 
intake pipe to move with the elongation and contraction of 
the cylinder, thus preventing distortion. 



EXHAUST MANIFOLD 



The purpose of the exhaust manifold is to conduct the 
burned gases from the engine to the slipstream. 

Three general types of exhaust systems have been designed. 
Early engineers used the short stack type which was aban- 
doned because of the fire hazard, its interference with the 
pilot's vision, and its visibility at night, the latter reason due 
to flames emitting from the stack. The next type of exhaust 
system utilized a short stack which was flattened along a 
beveled edge in an attempt to correct the above-mentioned 
faults. This was known as the bayonet type. 

The most common type of exhaust system in current use is 
the collector ring or manifold type. In this design, the in- 
dividual stacks are connected to a ring or manifold by means 
of a slip joint which permits expansion of the system. 



ENGINE SECTIONS 

Engine sections, as illustrated in figure 14, serve as housings 
for the integral parts of the crankshaft, reduction gears, and 
drive assemblies of the engine. They afford rigidity to the 
entire engine structure and serve as the base or bed member 
on which the engine is built. 

Engine sections support the cylinders and crankshaft and 
serve as the means of attaching the engine to the fuselage. 
You will discover, as you work on engines, that engine sec- 
tions in general provide rigidity, tie various parts of the engine 
together, and withstand stresses created by gas pressures. 
They also provide a tight enclosure to prevent the loss of 
lubricating oil and to protect internal engine parts from dust 
and dirt. 

The power section of a typical twin-row radial engine is 
composed of three forged steel or aluminum alloy sections — 
front, center, and rear — held together by through-bolts. 
Around the outer circumference of the power section assembly, 
cylinder mounting pads are arranged. A chamber called a 
sump is provided on the lower side of this section to collect the 
oil supply. 



The supercharger is located at the rear of the power section 
and housed in the supercharger section. 

The accessory drives in the accessories section lead to 
mountings where the necessary accessories may be attached. 

Just forward of the power section is the nose or front sec- 
tion, which acts as a housing for the reduction gears and pro- 
peller shaft assembly. 

REDUCTION GEARS 

In early airplanes, the propeller was usually of the direct 
drive type (fastened directly to the crankshaft) because en- 
gine speeds in those days were relatively low. As experience 
was gained and the technique of vibration survey developed, 
crankshaft speeds progressively increased. At the present 
time, a speed of 2,600 r.p.m. for a large engine is not considered 




Figure 15. — Propeller reduction gear. 
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excessive. You will find a few of the lower powered engines 
which rotate as high as 3,000 r.p.m. 

Increasing crankshaft speeds made it necessary to provide 
a propeller reduction gear in order to limit the tip speeds of 
long propeller blades. Your study of propellers will teach you 
this. For the present, however, it is important that you real- 
ize the desirability of limiting tip speeds in order to keep the 
tips out of a vibration range which might cause failure. 

You will learn that various types of propeller reduction gears 
are used. The planetary type, illustrated in figure 15, is that 
which you will most often encounter. Briefly, this type op- 
erates as follows. 

A bell-shaped gear with teeth on its inside edge (and at- 
tached to the crankshaft) drives several planetary pinions 
(small gear wheels). These in turn move around the rim of 
a stationary sun gear. Rotation of the planetary pinions 
drives the propeller shaft and spider assembly. 

Because of the gear arrangement, the propeller shaft rotates 
at a lower speed than the crankshaft. A variation in gear 
ratios is obtained by using a stationary bell gear and a driving 
sun gear. You will find that there are various gear ratios in 
use, depending upon the make and model of the aircraft engine. 

QUIZ 

1. Name the three most common types of poppet valves. 

2. Are heat-resistant qualities more important in the intake valve or in 
the exhaust valve? 

3. What are the two functions of piston rings? 

4. On what major assembly are the counterbalances located? 

5. What is the most frequently encountered propeller reduction gear as- 
sembly? 

6. Name the three types of gears used in the above assembly. 

7. Of what material are aircraft pistons usually made? 

8. What type of piston pin is used in aircraft pistons? 

9. What is the part that links the piston and the crankshaft? 
10. What is the function of a supercharger? 



CHAPTER 3 



IGNITION SYSTEMS 

When a mixture of fuel and air is admitted into a cylinder 
and compressed, the next step in the cycle of operation is the 
ignition of the compressed charge at the proper time. 

Ignition is the firing of the explosive mixture of gases in the 
cylinders of reciprocating engines. This effect is efficiently 
and conveniently obtained by means of an electric spark which 
is produced when electricity is forced to jump across the gap 
between the electrodes of a spark plug installed in the combus- 
tion chamber. 

An electrical ignition system furnishes these sparks peri- 
odically to each cylinder at a predetermined position of piston 
travel. The source of high-voltage sparks may be either a 
magneto driven by the engine or an induction coil energized 
by a battery or generator. 

MAGNETOS 

The magneto, which is the usual source of high-voltage elec- 
tricity in modern aircraft engines, is simply a self-contained 
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generator and transformer. It operates on the principle of 
electromagnetic induction. 
Electromagnetic induction is produced in two ways: 

1. By relative motion between a conductor and a mag- 
netic field so the conductor "cuts the flux." 

2. By changing the concentration of the magnetic field 
linked with a conductor (changing flux intensity 
through an iron core of a coil, such as a transformer) . 

Both methods are employed in magnetos. 

Figure 16 shows how the concentration of flux in a magneto 
is varied. A four-pole permanent magnet rotates between the 
pole shoes of an unmagnetized soft-iron yoke or core. The 
pole shoes are spaced so that they are simultaneously adjacent 
to two magnetically opposite poles of the rotating magnet. 

As you can see, the position of the rotating magnet poles 
with respect to the pole shoes determines the direction and 
concentration of flux in the core. 

In figure 17, a complete schematic diagram of the magneto 
is shown. Approximately 150 turns of comparatively heavy 
wire are wound around the core to form a primary coil, and a 
secondary coil is formed by winding several thousand turns of 
fine wire around the core. 

One end of the primary coil is permanently grounded. The 
other end is connected to ground through a pair of contact or 
"breaker" points normally held together by spring tension. 
The primary circuit is therefore complete when the breaker 
points are closed. A primary condenser is connected in par- 
allel across the points. 

One end of the secondary coil is grounded with the perma- 
nent ground connection of the primary coil. The other end of 
the secondary reaches the spark plugs through the distributor 
rotor, distributor block, and spark plug wiring. 

Electrically and mechanically, the circuits within the mag- 
neto are so closely linked with one another that any action in 
one circuit is reflected by induction in the other. When the 
poles of the magnet are in position (A) of figure 16, the con- 
centration of the magnetic lines of force through the core 
reaches its maximum. 

As the magnet continues to rotate, the concentration of mag- 



netic flux diminishes to zero at the neutral position, (B) of 
figure 16. Continuing to rotate, the magnet again builds up 
the flux concentration to a maximum (C) , and again diminishes 
it to zero. This change in magnetic flux concentration pro- 
duces a change in the flux linkages through the primary coil, 
thereby inducing a current in the primary circuit. 
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Figure 16. — Magnetic flux concentration at three positions of the magnet. 



The breaker points are periodically opened and closed by a 
cam located at one end of the magnet drive shaft. The points 
are adjusted to open or break the primary circuit when the 
induced current in the primary coil has reached its maximum. 

When the primary circuit is broken, the magnetic field around 
the primary windings collapses almost instantly, and the sec- 
ondary windings cut the magnetic lines of force at a rapid rate. 
This action induces a high-tension current in the secondary 
coil which is discharged through the distributor rotor, distrib- 
utor block, spark plug wiring, and across the spark plug gap 
to ignite the fuel-air mixture in the combustion chamber. 



CIRCUITS 

Operating principles of a magneto are based upon the rela- 



tionship of its three circuits, which include the magnetic, pri- 
mary, and secondary circuits. 

The magnetic circuit consists of a permanent magnet or 
magnets, the core, and pole shoes. The permanent magnets 
provide the magnetic field or lines of magnetic force which are 
necessary for the production of electric current by induction. 

The core concentrates the lines of force flowing from the 
poles of the magnet, and makes them link the turns of the 
primary coil. 

The primary circuit consists of a primary coil, an auto- 
matic switch, a manual-control switch, and a primary con- 
denser, as illustrated in figure 17. 

The primary coil is constructed of comparatively few (150 
to 300) turns of enameled copper wire wound directly around 
the core. One end of the primary coil is grounded to the soft 
iron core, the other connected to the insulated contact or 
breaker point. 

The breaker points act as an automatic switch, and are 
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Figure 17. — Schematic diagram of a magneto. 
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CONDENSER 




operated by a cam located either on one end of the magnet 
drive shaft or independently driven. 

When the breaker points open, the magnetic field created by 
the primary current collapses. This action results in a self- 
induced current that attempts to flow or surge across the 
points for a short period of time. This surge, unless checked, 
would create an electric arc across the points which, in turn, 
would burn the points and eventually cause the magneto to fail. 

To eliminate arcing and burning, a condenser (capacitor) is 
placed in parallel with the breaker points. The action of the 
condenser is comparable to that of the air bell shown in the 
water analogy diagram of figure 18. The air bell prevents 
"banging" of the valve by absorbing the shock caused by in- 
ertia of the water when the water is. suddenly shut off. Simi- 
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larly, the condenser prevents arcing across the breaker points 
when they open, by absorbing the "inertia" of the self-induced 
current in the primary coil. 

The manually-controlled magneto switch or induction 
switch provides a means of turning the magneto on and off as 
desired. 

The ignition switch terminal or magneto ground terminal on 
the magneto is connected electrically to the insulated breaker 
point, as demonstrated in figure 17. Wires connect the ground 
terminal on each magneto to the ignition switch. With the 
switch at "off" position, these wires provide a direct path to 
ground. Therefore, when the circuit breaker points open, the 
primary circuit is grounded, preventing generation of high 
voltage in the secondary circuit. 

The secondary circuit consists of a secondary coil, distrib- 
utor finger (rotor) , distributor block, high-tension cables, and 
spark plugs. 

The secondary coil is constructed of a large number of turns 
of enameled copper wire wound around or atop the primary coil 
and covered with a hard rubber or bakelite case. One end of 
the secondary winding is generally grounded with the primary 
ground. The other end is connected to the distributor finger, 
or in some cases to a secondary condenser located in the rotor. 

The secondary condenser stops the afterflow of current in 
the secondary coil and assists in generation of current in the 
primary coil. 

As the distributor rotor revolves, it delivers high-tension 
current from the secondary coil to each successive distributor 
block electrode. It operates as an automatic switchboard. 

For each cylinder on the engine, the distributor block pro- 
vides one electrode or terminal to which the high-tension spark 
plug cables are attached in proper sequence. The numbers on 
the distributor block denote* the magneto firing order — not the 
firing order of the engine. The distributor block terminal 
marked #1 must be connected to the #1 cylinder; terminal 
#2 to the next cylinder to fire; terminal #3 to the next cylin- 
der to fire, and so on. 

As stated previously, current is induced in the primary coil 
windings when the magnets are moving from the full flux posi- 
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Figure 19.— "E" gap position. 



tion toward the neutral position. When the current in the 
primary coil has reached its peak, the breaker points are 
opened by a cam, causing the magnetic field created by the 
current flowing in the primary coil to collapse. 

As this occurs, the rapidly collapsing lines of force are cut by 
the windings of the secondary coil. Approximately 20,000 to 
25,000 volts are thereby induced in the secondary coil. This 
is sufficient to cause an arc to jump the spark plug gap and 
ignite the fuel-air mixture in the combustion chamber. 

The breaker points are adjusted or internally timed to open 
at the "E" gap position, which is the number of degrees be- 
tween THE NEUTRAL POSITION OF THE ROTATING MAGNET AND 
THE POSITION WHERE THE BREAKER POINTS OPEN (fig. 19). 

Since the "E" gap varies in different magnetos, it should not 
be set without reference to the manufacturer's specifications. 

Except in the case of a compensated cam, the cam has as 
many lobes as there are poles on the magnets. The number of 
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sparks produced in one revolution of the magnet shaft is equal 
to the number of poles on the magnets. 



BREAKER ASSEMBLIES 



There are three types of breaker assemblies now installed on 
aircraft magnetos — the Scintilla Pivot, Scintilla Pivotless, and 
the American Bosch Pivotless. 

The pivot type (not used on recent models) derives its name 
from the pivot shaft on which the moving breaker arm is 
mounted. 

The pivotless breaker assembly (fig. 20) is named for the 
method of mounting the movable breaker point arm lever. 
This lever is supported by a steel spring which permits move- 
ment without wear. Pivotless points are adjusted to open in 
accordance with "E" gap specifications. Point clearance is 
disregarded, since that function has been provided for in the 
design of the magneto. 

Each breaker assembly requires a different method of ad- 
justment. 



The magnetos of some high-powered radial engines are 
equipped with compensated-type cams. The cam lobes are 
spaced at unequal intervals to compensate for the top-dcad- 
center variations of each piston caused by the elliptical travel 
of the knuckle pins on the articulating rods. 



COMPENSATED-TYPE BREAKER CAMS 




Figure 20. — Pivotless-type breaker assemblies. 
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When timing the compensated-type magneto to the engine, 
the lobe marked with the zero, or red dot, must be used in 
setting the breaker points. The magneto must be timed to 
the proper cylinder so that the unevenly spaced lobes will be 
in proper relation to the cylinders they fire. 




Flguro 21. — Compensated cam for 14-cylindor origin*. 



Compensated cams (see fig. 21) are etched with the location 
of the master rod or rods, and the "E" gap setting in degrees. 
They are not interchangeable. For example, a compensated 
cam marked with master rod locations of 8 and 13 cannot be 
used in an engine in which the master rods are located in No. 1 
and No. 10 cylinders. 

STAGGERED AND SYNCHRONIZED TIMING 

The peculiarities of combustion chamber design and spark 
plug location sometimes necessitate the use of staggered 
timing. In such cases, the spark plug nearest the exhaust 
valve is set to fire at from 4 to 8 degrees of crankshaft travel 
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before the spark plug on the intake side. The mixture near the 
exhaust valve does not fire as rapidly as the fresher mixture 
near the intake valve. 

Synchronized timing means that both engine magnetos are 
set to permit the spark plugs in a cylinder to fire simulta- 
neously. 

IGNITION SWITCHES 

Control of the ignition units, separately and in all necessary 
combinations, is provided at one point in the cockpit by the 
ignition switch. The control switch for a magneto is con- 
nected in parallel with the breaker points. In the "off" posi- 
tion, the switch is closed, thereby short-circuiting the breaker 
points. Thus, the magneto is inoperative because no inter- 
ruptions of primary current occur even though the breaker 
points are successively opened and closed. 

When the control switch is in the "on" position, the switch is 
open, and the magneto is then operative because the primary 
current is interrupted by the action of the breaker points. 

A switch used in connection with a single-engine magneto 
ignition system has three "on" positions, marked "L" (left), 
"R" (right), and "both." Battery voltage must pass through 
the ignition switch, and until the switch arm is placed in the 
"both" position, battery voltage is not supplied to the booster 
or starter solenoid switches. Thus, the ignition switch acts as 
a safety device. When the switch is in any position other than 
the "both" position, thoughtless closing of either the booster or 
starter switch can do no harm. 

The twin-engine magneto ignition switch provides independ- 
ent control of each magneto on each engine. In addition, it 
includes an emergency safety switch which, in the "off" posi- 
tion, grounds all magneto primaries and opens the battery cir- 
cuit leading to the booster and starter switches. The switch 
must be placed in the "on" position before the engines can be 
started. 

INDUCTION VIBRATOR 

When slow starting speeds make it impossible to rotate 
engine-driven magnetos fast enough to produce the spark 
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necessary to ignite the fuel-air mixture, a source of external 
high-tension current is needed. This requirement may be pro- 
vided by -an induction vibrator. 

When the ignition switch is in the "on" position, and the 
starter is engaged, the current from the battery is sent through 
the coil of the relay, causing the relay points to close. This 
completes the circuit to the vibrator coil, and the vibrator 
transmits a rapidly interrupted current. 

This current is sent through the primary winding of the 
magneto coil where, by induction, a high voltage is created in 
the secondary winding of the magneto coil. This produces 
high-tension impulses which are delivered to the spark plugs 
through the magneto distributor rotor and distributor block 
electrodes when the magneto contact points are open. 

The initial impulses, or sparks, are timed in advance, but 
the sparks which follow gradually taper off into retard until 
the magneto points close and the current is bypassed to ground. 
This action is repeated each time the magneto contact points 
are separated, sending the interrupted current again through 
the primary of the magneto coil where the action, as outlined 
above, again takes place. 

This action continues until the engine is firing by means of 
the regular magneto spark and the engaged starter is released. 

No special operating instructions are needed, as the vibrator 
automatically starts functioning when the switch is in the "on" 
position and the starter is engaged, and ceases to function when 
the starter is disengaged. 

MAGNETO TYPES AND MODELS 

The various types and models of standard aircraft magnetos 
are designated by a code symbol of letters and numerals which 
may be broken down as follows: 

Thus, a magneto marked with the code DF 18 RN 14 would 
indicate that it was a double magneto, flange-mounted, for 
18 cylinders, right rotating, manufactured by Scintilla, and 
model or modification 14. 

Most modern aircraft engines use two single magnetos or one 
double magneto mounted either on the accessory or the nose 
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S F 14 



U 10 



Model or identification number. 
-Manufacturers' code: U — American 
Bosch, N — Scintilla, and D — 
Edison-Splitdorf 

-Direction of Rotation: L — Left and 
R— Right. 
Number of cylinders 
-Mounting: F — Flange and B — Base. 
-Construction: S — Single and 
Double. 



section of the engine. However, the Pratt & Whitney R-4360 
engine uses seven double magnetos, each magneto providing 
ignition for four cylinders. 

The double magneto may be considered as two magnetos in 
one, since it contains two sets of coils, two sets of breaker 
points, and two sets of primary and secondary condensers. 
However, it uses only one inductor, or rotor magnet, to energize 
both sets of coils. 

The distinguishing feature of the double magneto is the use 
of two independently mounted distributor blocks connected to 
the magneto unit by independent high-tension feed wires. 



LOW-TENSION IGNITION SYSTEMS 

The low-tension ignition system is designed to reduce the 
tendency of "flashover" or "shorting" of high-tension current 
because of low atmospheric pressure at high altitudes, or mois- 
ture from condensation. The location of high-tension induc- 
tion coils near each spark plug reduces electrical loss usually 
found in long high-tension cables. 

The electrical operation of the low-tension, high-altitude 
system differs from the high-tension system primarily in that 
an ignition generator produces only primary current (fig. 
22). This primary current is transmitted through the pri- 
mary leads to the separate low-tension distributor and breaker 
units. From low-tension distributors, the current is delivered 
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through a low-tension harness to individual high-tension in- 
duction coils for each spark plug. 

The ignition generator consists of two four-pole rotating 
magnets, four primary coils, a junction box for making the 
primary connection from the primary coils to the distributor 
units, the ground switch, and primary booster. 

Two four-pole magnets are mounted on the same shaft be- 
tween two annular ball bearings with the poles of one magnet 
staggered 45 degrees in relation with the other. When the 
magnet rotates, a primary current is alternately built up every 
45 degrees in the two coils on one side of the generator, giving 
eight consecutive current impulses per revolution. 

Since the generator is driven at 1£ engine speed, 9 dual pri- 
mary build-ups occur for each engine revolution. This fulfills 
the ignition requirements for an 18-cylinder, 4-stroke cycle 
engine. 

The low-tension coils in the generator have only primary 




HIGH TENSION IGNITION 



PRIMARY 




LOW TENSION CIRCUIT 



LOW TENSION IGNITION 
Flflwre 22. — High- and low-tsnslon ignition systems. 



windings, and are cast integrally with the generator housing. 
The #1 coils on the right and left sides of the generator are 
connected to the insulated sides of the #1 breaker assemblies 
in the right and left distributors, to the primary condensers, 
and to the #1 collector rings of the distributor units. 

In like manner, the #2 coils on the right and left sides of 
the generator are connected to the #2 breaker assemblies in 
the right and left distributors, to the primary condensers, and 
to the #2 collector rings of the distributor units. 

The two distributor units are identical, and have standard 
three-bolt flanges with elongated holes for timing the engine. 
A hydraulic advance mechanism, providing 10° spark advance, 
is incorporated in drive and mounting flange. This is nor- 
mally in full retard position, and advances on application of 
oil pressure from the engine torquemeter. 

Two nine-lobe compensated cams, keyed to the drive shaft, 
operate the breaker points. 

A distributor finger on the end of the shaft makes contact 
between the collector rings and segments of the distributor 
head through carbon brushes. The distributor head is an inte- 
gral part of the harness and forms the rear cover for the dis- 
tributor unit. This head is attached to short, flexible conduits 
which carry 18 primary wires from each distributor to the 
ring manifold of the harness and two primary feed wires from 
the generator. 

The booster wires also pass through one of these conduits to 
the right-hand distributor. 

The ring manifold carries 36 primary wires from the dis- 
tributors, the feed wires from the generator, and the booster 
wire. 

Nine flexible conduits, attached to the manifold and ter- 
minated by four terminal plug-in connectors, complete the pri- 
mary connections to the high-tension induction coils. 

The high-tension induction coils for each spark plug are 
grouped, two in each coil assembly, and are mounted on the 
cylinder heads. Each assembly serves the front and rear 
spark plugs of one cylinder. 

Short, shielded high-tension leads carry high-tension current 
from the induction coils to the spark plugs. 
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A special low-tension battery booster is connected to the 
low-tension distributor through separate breaker points so 
arranged that booster current passes to the high-tension coil 
circuit only when the main breakers open and the booster 
breakers close. This condition is governed by the breaker cam 
arrangement and occurs at such intervals as to insure properly 
retarded spark. 

When the flow of primary current in the generator coils is 
interrupted by the opening of the main breaker contact points, 
the surge of current is directed by the low-tension distributor 
through the low-tension harness to the primary winding of the 
proper high-tension induction coil. A high-tension current is 
induced in the secondary winding of the coil, causing the spark 
to occur at the spark plug. 

IGNITION HARNESS 

An ignition harness (fig. 23) is an assembly of electric cables 
and terminals enclosed in a manifold for use in the ignition 
system of an engine. 

There are two general types of ignition harnesses — the con- 
ventional tubular type, and the newer cast-filled harness. 

The cast-filled harness is especially designed and con- 
structed to eliminate the troublesome features of the tubular 
harness. The cast-filled manifold and distributor housings are 
filled with a dielectric sealing compound creating a sealed unit 
which, when properly maintained, eliminates the common 
faults of ignition wiring. 

The conventional tubular manifold is made of aluminum or 
stainless steel tubing. For radial engines, the manifolds are 
usually in the form of a hoop or two halves of a circle. The 
cables are thus protected from the heat of the engine, from 
abrasion caused by vibration, and from deterioration caused 
by oil and grease. 

Both high-tension and low-tension wiring are used. The 
high-tension cables are made of many small stainless steel 
wires twisted together and heavily insulated with cord and 
rubber. They are used in the high-tension circuits, such as 
that from the booster to the distributor and that from the dis- 
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Figure 23. — Ignition harness. 



tributor to the spark plugs. The low-tension cable is com- 
posed of fewer twisted copper wires, lighter in weight and less 
heavily insulated. Low-tension cable is used in the ground 
circuits. High- and low-tension wires are never included in 
the same conduit. 

An electromagnetic field surrounds an ignition cable each 
time a discharge of current passes through it. If the cables 
were merely rubber-covered, this disturbance would ordinarily 
be picked up by the radio receiving set, thus creating interfer- 
ence. In order to prevent such interference, all ignition cable 
is enclosed in metal housings or manifolds, and all exposed 
portions are covered with braided metal casings. 

In fact, on aircraft equipped with radio, the entire ignition 
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system is shielded to insure adequate reception of signals. All 
such shielding must be firmly grounded so that the electrical 
energy absorbed may be properly dissipated. Magnetos and 
spark plugs are also thoroughly shielded to prevent radio 
interference. 

SPARK PLUGS 

One of the most vital parts of the ignition system, the spark 
plug must operate under high pressures and high temperatures. 

The average operating temperature of the insulator and the 
intensity of the flame across the electrodes must be sufficient to 
prevent fouling when the engine is operating at low power out- 
put, under extremely cold atmospheric conditions, or when 
throttled down during long descents. If the operating tem- 
perature of the spark plug is too high, the end of the insulator 
and the electrodes located within the combustion chamber may 
become white-hot or incandescent, causing preignition. 

Oil, carbon, or lead deposits (from gasoline) on a fouled 
plug will short-circuit the electrodes and cause firing failure. 

The precision with which spark plugs are built requires that 
they be handled as delicate instruments. This point cannot be 
emphasized too strongly. Spark plugs should never be care- 
lessly thrown around, but rather should be placed — not 
dropped — in work trays. 

There are two types of spark plugs in use — those with ce- 
ramic insulators, and those which are mica-insulated. 

The two principal units of the ordinary mica spark plug are 
the core and the shell, as shown in figure 24. The core in- 
cludes a center electrode (spindle) made of steel and copper. 
The steel is used for strength, while the copper carries away 
the heat. 

Surrounding the electrode is a mica "cigarette" enclosed with 
mica washers which form part of the core nose. These washers 
are held securely in place by a brass core wedged into the body 
of the plug. 

The steel shell may or may not be finned. It has its own 
set of ground electrodes, and is assembled to the core by in- 
ternal threads. The shell is externally threaded for installa- 
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LONG REACH 

Figure 24. — Shielded aircraft spark plugs. 

tion in the cylinder head. Suitable gaskets are provided to 
prevent leakage between the spark plug and cylinder head. 

Spark plugs may be classified according to reach — the length 
of thread engagement into the cylinder head. For example, 
"short reach" indicates comparatively short threads, while 
"long reach" means long threads. 

Another common classification of spark plugs is by heat 
range. Although there are several factors influencing the 
operating temperature of a spark plug, a fundamental factor 
concerns the amount or length of spark plug core exposed to 
the heat of combustion. The distance heat must travel from 
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the tip of the core to the cylinder head determines operating 
temperature of the plug. 

Spark plugs having a long core will run hotter, than those 
with a comparatively short core. Hot plugs have long cores, 
while cold plugs have short cores. The cold plug is used on 
engines having high operating temperatures, and the hot plug 
on engines with low operating temperatures. 



1. How is arcing and burning across the breaker points in the primary 
circuit eliminated? 

2. Select the proper units to complete the primary ignition circuit and 
those to complete the secondary ignition circuit : 



3. Why is the opening of the breaker points in the primary circuit an es- 
sential element in the production of high-tension current at the spark 
plug? 

4. What is the purpose of a compensated-type breaker cam? 

5. What is synchronized timing? 

6. What is the purpose of an induction vibrator? 

7. What engine fault is likely to occur when spark plug operating tem- 
perature becomes too high? 

8. Generally speaking, which spark plug will run the hotter — one with a 
long core, or one with a short core? 

9. Identify this hypothetical magneto model : DB18LD2. 



QUIZ 



a. Spark plugs. 

b. Breaker points. 

c. High-tonsion cable. 

d. Distributor rotor. 



e. Control switch. 

f . Coil with 150 windings. 

g. Distributor block electrodes. 

h. Primary condenser. 



i. Coil with 1500 windings. 
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CHAPTER 4 



ENGINE ACCESSORIES 

The majority of aircraft engine accessories are presented in 
other volumes of the Aviation Scries of Navy Training Courses. 
For example, propellers and propeller controls are covered in 
Aircraft Propellers, NavPers 10336; carburetors, fuel pumps, 
and fuel-line accessories are described in Aircraft Fuel Sys- 
tems, NavPers 10335; and engine instruments are covered in 
Aircraft Instruments, NavPers 10333. 

Magnetos, distributors, condensers, booster coils, spark 
plugs, and ignition wiring were presented in the chapter just 
discussed. There are, however, certain engine accessories not 
presented elsewhere in this series of Navy Training Courses. 
Among these are starters and generators, which you will now 
consider. 

AIRCRAFT ENGINE STARTERS 

An internal combustion engine, to start, must be cranked at 
a relatively high speed through at least the intake and com- 
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pression strokes, and past the firing point of at least one cylin- 
der. The mechanical device used to crank an engine is known 
as a starter. However, the starter is not the only unit neces- 
sary for starting. Ignition and carburetion must also be called 
upon before the engine will start. 

Inertia starters are in general use in the Navy today. Prior 
to World War II, many naval aircraft used cartridge-type 
starters. 

Various types of starter accessory units — such as solenoid 
meshing devices, solenoid starting switches, battery booster 
coils, control switches, and external energizere — are used in 
conjunction with starters to facilitate installation and improve 
operation. 

INERTIA STARTERS 

Inertia is that property of matter which causes a body at 
rest to tend to stay at rest and a body in motion to continue in 
motion unless acted upon by some external force. All inertia 
starters operate on the principle that energy in cranking is 
stored as momentum in a spinning flywheel. There are three 
types of inertia starters — the hand inertia, the electric in- 
ertia, and the electric inertia with direct cranking. 

HAND-OPERATED INERTIA STARTERS 

Widely used and very efficient, the hand inertia starter 
cranks the flywheel until it is rotating at high speed, then en- 
gages the flywheel with the engine starter jaw through a train 
of gears and a multiple-disc clutch. 

The crank is coupled to the flywheel through a set of 
planetary-type gears with a ratio of approximately 150 to 1. 
At a cranking speed of about 80 r.p.m., the average speed of 
the small, heavy flywheel will be approximately 12,000 r.p.m. 
Thus, the momentum of the spinning flywheel will crank the 
engine through several revolutions. 

A spring-loaded multiple-disc clutch prevents injury to the 
starter mechanism caused by backfiring or excessive torque. 
The torque of the starter is transmitted by the clutch through 
a helically splined engaging mechanism and through the starter 
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jaws to the engine. The engaging mechanism may be operated 
externally or from the cockpit. 

The control may be manually operated by means of a push- 
pull system, or by an electrically operated solenoid which 
advances the starter jaws into engagement with the engine 
jaws. When the engine starts, rotation of the engine jaws is 
so much faster than rotation of the starter jaws that the jaws 
automatically disengage. 

Some types of hand inertia starters are equipped with an 
integral booster magneto geared to the flywheel through a fric- 
tion clutch. The booster magnetos will supply a hot starting 
spark until the engine-driven magnetos reach their coming-in 
speed. Other types will be equipped with some form of booster 
coil which serves the same purpose. 

ELECTRIC INERTIA STARTERS 

The electric inertia starter is basically similar to the hand 
inertia starter. The difference lies in the flywheel housing 
cover assembly which incorporates an electric accelerating 
motor instead of the usual hand crank to energize the flywheel. 
However, electric inertia starters are generally equipped with 
a provision for hand cranking in an emergency. 

An electric inertia starter equipped with a solenoid starting 
switch and a solenoid meshing or engaging device is usually 
controlled by means of a double-throw toggle switch located 
in the cockpit. 

ELECTRIC INERTIA STARTER WITH DIRECT CRANKING 

The chief difference between the electric inertia starter with 
direct cranking (fig. 25) and the electric inertia starter just 
discussed, is that in the former the starting motor and flywheel 
are combined as one unit. The electric motor in this type of 
starter continues to drive the engine after the flywheel has 
overcome the initial inertia of the engine. 

In operation, the flywheel is energized before the starter is 
engaged. After engagement of the starter, the starter motor 
continues to drive the engine until it "catches." The installa- 
tion requires a special wiring circuit and a special switch. 
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Figure 25. — Combination electric inertia and direct cranking starter. 

DIRECT ELECTRIC STARTERS 

The direct electric starter, which is widely used on late 
model naval aircraft, is made up of a heavy-duty electric motor 
with the necessary reduction gearing, overload clutch, and 
automatic engaging device. Its chief advantages are that it 
provides instant cranking, and that it eliminates the heavy 
weight of the flywheel necessary in the electric inertia types. 

The direct electric starter requires considerably more power 
for continuous operation than any other starter. 

CARTRIDGE STARTERS 

The cartridge (combustion) starter, which derives its energy 
from the expansion of burning gases, is a practically obsolete 
type of starter. It has sometimes been called a "shotgun" 
starter. This device consists of a cylinder and piston, intake 
and exhaust tubes, breech mechanism, and electrical firing 
switch. 

The cartridge starter produces a high cranking speed for a 
short period of time, but is not as reliable as other types. Its 
operation is comparatively expensive, and it requires consider- 
able maintenance attention. Because of these disadvantages, 
the cartridge-type starter has practically disappeared from 
naval aircraft. 
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AIRCRAFT GENERATORS 

A GENERATOR IS A DEVICE WHICH CONVERTS MECHANICAL 

energy into electrical energy. Electrical power required 
for the operation of the various electrically operated aircraft 
units is supplied by a generator mounted on the rear (acces- 
sory) section of the engine. When the demand for electrical 
power exceeds the output of the engine-driven generator, an 
auxiliary electrical power plant may be installed to supply 
the additional requirements of the multitude of units found on 
large aircraft. 

Since the maintenance of an aircraft generator is generally 
considered to be one of the duties of Aviation Electrician's 
Mates, no attempt will be made here to describe the minute 
details of operation. However, it is highly desirable that you, 
as an Aviation Machinist's Mate, have sufficient knowledge of 
the types and operating principles of aircraft generators to 
enable you to carry on in cases of emergency. 

GENERATOR TYPES 

The type of generator used on any particular plane depends 
upon the amount of power required and the nature of current 
needed to operate the individual units. Radio communication 
equipment generally requires alternating current for its opera- 
tion. Other units require direct current. Therefore, genera- 
tors may be constructed to supply either alternating current 
or direct current, or both. 

The engine-driven generator is usually a direct-current de- 
vice, since one of the prime requirements of a generator is the 
furnishing of a source of direct current for charging the air- 
craft battery. It is impossible to charge a storage battery with 
alternating current without first converting (rectifying) the 
alternating current into direct current, and this necessitates 
the use of additional heavy equipment. Some generators are 
equipped with two sets of windings, designed to supply both 
alternating and direct current. This type of generator is 
shown in figure 26. 

When the generator is idle, a small amount of residual mag- 
netism remains in the iron core or pole shoes. This residual 
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Figure 26. — AC-DC ge 



magnetism furnishes the initial flux required for the generator 
to produce the initial current. Initial current rapidly builds 
up the magnetic field as the generator gains speed. 

Since it is imperative that the weight of a generator be kept 
to a minimum, it becomes necessary to increase the output of 
the generator without a corresponding increase in weight. 
This has been accomplished by stepping up armature speeds 
until they approach the maximum safe limits. 
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One factor which has limited the power output of a generator 
has been the production of destructive heat as a byproduct. 
Cotton, silk, or enamel insulation used on generator wiring will 
break down under extreme heat, making it necessary to keep 
generator temperature below the critical heat limit. 

This is accomplished by the use of built-in fans and the 
addition of blast tubes which carry cooling air to the generator 
from the slipstream. Some generators use spun glass insula- 
tion which does not break down under extreme temperature. 
Such improvements have made it possible for the modern 
generator to more than double the output of the older aircraft 
generators without any corresponding increase in weight. 

Under normal flight conditions, current consumption is not 
great, On the other hand, large quantities of current are 
needed for starting, for landing lights, and for the operation of 
landing gear and flaps through short periods of time on planes 
using electrically-operated units. Consequently, the generator 
must be capable of very quickly recharging a practically ex- 
hausted battery. 

The generator on an airplane engine is operated by a shaft 
driven by the main accessory drive shaft through a gear ar- 
rangement. A regulating mechanism takes care of the inter- 
mittent load requirements while at the same time preventing 
overcharge of the battery. This mechanism is contained in a' 
separate control box. 
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QUIZ 



1. What Navy Training Course would you consult for information on 
aircraft curburetors? 

2. What type of starters are most used in modern naval aircraft? 

3. What is inertia? 

4. What are the three types of electric starters? 

5. How does a hand inertia starter operate? 

6. What is the chief difference between an electric inertia starter and a 
hand inertia starter? 

7. Why are most engine-driven generators direct-current generators? 

8. How may the output of a generator be increased without increasing its 
size or weight? 

9. What factor limits the power output of a generator? 
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CHAPTER 5 

LUBRICATION AND COOLING 

When one dry metallic surface is moved over another, a high 
resistance (friction) is encountered which results in the gen- 
eration of heat and excessive wear. Imagine what would 
happen to an engine if the many moving parts were not lubri- 
cated! Surfaces would be rapidly worn away. The tem- 
perature of the parts would rise, dangerously expanding them. 
The friction would result in a great loss of power, and you 
soon would need an engine overhaul or replacement. 

If a thin film of oil separates two metallic surfaces, the 
wear on the metal is practically eliminated, and heat is re- 
duced to a minimum. 

LUBRICATION 

The oil system of an aircraft engine is designed to supply 
proper lubrication to all moving parts of the engine, and to 
aid in dissipating engine heat. There are two general types of 
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aircraft engine oil systems — the wet sump and the dry sump. 
Since the wet sump type carries the oil supply in the engine 
crankcase, it is not suitable for radial-type engines, and will 
be discussed only briefly in our study. 

The dry sump type of aircraft engine oil system carries the 
main supply of oil in an external oil tank. The oil is pumped 
through the engine by an oil pressure pump and returned to 
the oil tank by an oil scavenger pump. 

Circulation of the oil through a series of strainers or filters 
cleans the system of dirt, sludge, and other foreign matter. 
In addition, a magnetic oil drain plug is placed in the bottom 
of the oil pumps to catch and remove loose particles of metal 
from the oil. 

Since aircraft engines operate under extreme temperatures 
and develop a high power output, oil must be supplied to the 
engine at specified pressures and temperatures. This is ac- 
complished by means of oil pressure relief valves and oil 
temperature control systems which maintain the required 
conditions. 

SUPPLY AND RETURN 

As illustrated in figure 27, oil travels from the oil tank 
through lines to the oil pressure pump, and is cleaned before 
entering the engine. An oil sump in the bottom of the engine 
acts as a reservoir to catch the oil after it has passed through 
the engine. The oil is picked up and pumped back to the oil 
tank by the scavenger pump. An oil pressure relief valve 
controls the oil pressure to the engine. Located in the cockpit 
is an oil pressure gage and an oil temperature gage for indi- 
cation of pressure and temperature of oil entering the engine. 

OIL TANKS 

Oil tanks are usually mounted in a padded cradle on the 
forward side "of the engine firewall. The tanks are generally 
constructed of stainless steel or aluminum alloy. Self-sealing 
oil tanks, almost identical with the self-sealing fuel tank, have 
been used on some installations. 

Oil tanks are built to withstand an internal pressure of at 




Figure 27. — Oil supply and control. 



least 3 pounds per square inch. Tanks of more than 15 gal- 
lons capacity may be divided so that only one-third of the oil 
circulates. As this oil is consumed, it is replaced by oil from 
the larger section. Baffle plates are incorporated in largei 
oil tanks to reduce surging, as well as to reinforce the tank. 

An oil filler cap is generally fastened to the filler neck of the 
tank by means of a safety chain, except when the oil sounding 
rod is mounted on the cap. In this latter instance, the filler 
cap is secured in position by means of a safety locking device. 
The oil filler cap is usually painted yellow, and has the capac- 
ity of the oil tank painted or stenciled upon its surface. 

The oil tank sounding rod is a measuring stick, calibrated 
in gallons and used to determine the quantity of oil in the 
tank. The "full" mark is never located at the top of the rod 
— this is to allow for expansion of the oil. Oil tanks must 

NEVER BE FILLED ABOVE THE "FULL" MARK. 

An oil strainer is mounted directly below the filler neck to 
strain the oil when the tank is being filled. An additional 
strainer is generally incorporated in the tank to strain oil re- 
turning from the oil coolers. A schematic diagram of an oil 
tank is illustrated in figure 28. 
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Figure 28. — Schematic diagram of an oil tank. 



The majority of oil tanks arc fitted with a sump at the 
bottom in order to trap water or sediment in the oil. 

A circular swirl chamber may be incorporated in the tank 
to separate air and foam from oil returning from the engine. 

OIL COOLER AND CONTROL VALVES 

The oil cooler is designed to dissipate the heat from the oil 
to the atmosphere. The amount of heat dissipated, or the 
regulating of the temperature of the oil flowing through the 



engine, is controlled by various types of valves. Air flow 
through the cooler is controlled by manually, hydraulically or 
electrically operated shutters or exit flaps. 

The cooler is built with two concentric cylinders of sheet 
brass. The inner cylinder is approximately 1 inch smaller in 
diameter than the outer cylinder, and contains the cooling core 
of the unit. The passage between the two cylinders provides 
a pathway by which the oil may be permitted to bypass the 
core. Figure 29 illustrates the arrangement of the copper 
tubes which carry cooling air through the core. Oil which 
passes through the core is guided by baffles so that it flows 




around the tubes and the length of the core several times. The 
tubes have hexagonal-shaped ends which form the honeycombs 
in both ends of the cooler. Tube ends are soldered together 
to prevent leakage between them. 

An oil cooler control valve, mounted on the shell of the oil 
. cooler, directs the flow of oil cither through or around the cool- 
ing unit (core) of the oil cooler. In some cases, an aluminum 
casting with two built-in passages and a thermostatic element 
may be used, as shown in figure 30. The oil flows around a 
flexible copper bellows regardless of which path it follows 
through the cooler. 

The bellows contain an activating fluid which expands when 
heated, and a spring which tends to compress the bellows. A 
spring in the cap of the unit acts as a spring-loaded relief 
valve when the oil is hot or in the event of the bellow's failure. 
When cool oil from the engine flows into the oil cooler as- 
sembly, the thermostatic oil cooler valve is open. Most of the 
oil flows around the core between the inner cylinder and the 
outer cylinder, through the path of least resistance, and is by- 
passed through the valve to the outlet without cooling. 




Figure 30. — Thermostatic oil cooler valve. 
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OIL PUMPS 



The dry sump type oil system requires two or more pumps 
for its operation. The oil is pumped from the oil tank to the 
engine by means of a gear-type oil pressure pump. After 
lubricating the engine, the oil falls to the sump at the "bottom 
of the engine from where it is pumped back to the tank by an 

OIL SCAVENGER PUMP. 

Oil leaving the tank for the engine is comparatively cool and 
free from air or foam. Oil leaving the engine, however, is hot 
and contains a considerable quantity of air which has been 
churned into it by the action of pistons and master rod 
assembly. The air increases the total volume of oil to be 
pumped back to the tank. For this reason, it is necessary to 
use a larger scavenger pump in order to handle the increased 
volume. 

Gear-type pumps are used almost exclusively for engine oil 
systems. Oil enters the pump and passes around the gears 
where it is forced out under pressure into the engine. An oil 
pressure relief valve may be installed either on the pump or in 
the oil pressure line from the pump. 

One or more high -capacity, gear- type scavenger pumps are 
required to pump oil from the various sumps back to the tank. 
Oil pressure and scavenger pumps are usually incorporated 
into one unit with a single drive shaft. However, separate 
independently driven units may be used. All types of engine 
oil pumps are provided with an oil seal device which prevents 
oil leakage from one sump into the other, or into the engine. 

PRESSURE CONTROL VALVES 

In order to relieve excessive pump pressures in the oil sys- 
tem, an oil pressure relief valve (fig. 31) is incorporated in 
the pressure lines. 

Increasing the compression on the relief valve springs by 
means of the adjusting screw increases the operating pressure 
and consequently the pressure required to lift the relief valve 
off the seat. 

When engine oil is cold, it has such high viscosity, or resist- 
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Figure 31. — Oil pressure relief valve. 

ance to flow, that it may not properly lubricate the engine. 
To overcome this fault, a compensating-type pressure relief 
valve (fig. 32) may be installed in the oil system. This valve 
permits starting pressures as high as 400 pounds per square 
inch and insures an adequate supply of oil to the engine im- 
mediately upon starting. This is accomplished through use of 
a thermostat which regulates the operation of a second high- 
pressure relief valve spring by means of oil pressure upon a 
piston. 

When oil temperatures are below 40° C, both the low- and 
high -pressure relief valve springs exert combined pressures 
upon the relief valve to keep oil pressure around 400 p.s.i. As 
oil temperature approaches 40° C, the thermostat expands, 
permitting oil to flow through the static line to the piston 
which releases the high-pressure spring from the relief valve. 
This action permits oil pressure to return to normal. 

In order to protect the engine oil system from stoppage 
caused by a clogged strainer or the inability of cold oil to pass 
through the fine mesh of the strainer, a spring-loaded bypass 
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Figure 32. — Com 



valve is located at the main strainer. This valve is controlled 
by the differential in pressure between the inlet and outlet 
sides of the strainer. 

OIL STRAINERS AND FILTERS 

Since solid particles of foreign matter in oil may damage an 
engine or cause complete engine failure, a series of strainers 
or niters must be incorporated in the oil system. 

The main strainer, which is generally located at the outlet 
side of the oil pressure pump, strains the oil before it enters the 
engine. It is constructed of a 60- to 80-mesh bronze wire 
screen. The fine mesh screen must be removed, inspected, and 
cleaned at regular intervals. 

Another important part of the oil supply system is the oil 
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filter. As the name implies, the oil filter is simply a device 
for cleaning the oil. One commonly used type — the Cuno filter, 
shown in figure 33 — consists of a number of disks spaced very 
close together. The oil, on its journey between the engine and 
the tank, must pass between these disks. The disks are so 
close together that any grit or dirt in the oil is screened out 
and dropped into a sediment bowl in the bottom of the cleaner. 
In some installations the space between the disks is cleaned 
automatically, while in others it must be done manually at 
frequent intervals. 




FROM 
OIL 
PUMP 



As oil passes through the engine oil sump, the sump strainer, 
which is of fairly large mesh, catches particles of dirt or car- 
bon, and the magnetic drain plug catches particles of iron or 
steel resulting from wear within the engine. 

OIL TEMPERATURE AND PRESSURE GAGES 

The actuating unit of the oil temperature gage is generally 
located in the oil inlet, and is connected to the temperature 
gage head in the cockpit. Some installations, however, em- 
ploy gages in both the oil inlet and the oil outlet lines. 
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There are two types of oil temperature gages in common 
use — the vapor type and the electric type. The vapor-type 
temperature gage consists of a bulb connected to a Bourdon- 
type gage in the cockpit by means of a capillary tube. The 
bulb unit is partially filled with a volatile liquid such as ether 
or alcohol, and the entire unit may be compared to a steam 
boiler connected to a steam pressure gage. 

When heat is applied to the bulb, the volatile liquid gen- 
erates pressure in direct ratio to the amount of heat applied. 
The pressure is transmitted through the capillary tubing to the 
cockpit gage unit which is calibrated to read in terms of centi- 
grade temperature. 

The electric type of oil temperature gage consists of either a 
thermocouple unit and a suitable meter, or a resistance unit 
coupled through a Wheatstone bridge to a suitable meter. In 
either case, the gage head unit is always a sensitive electric 
meter calibrated to read in terms of centigrade temperature. 
Operation of the electric oil temperature gage which uses the 
resistance bulb unit is based upon the principle that the con- 
ductivity of an element of known resistance varies with the 
temperature. 

The oil pressure gage is used to provide the pilot with a 
reading, in pounds per square inch, of the oil pressure being 
supplied to the engine. A conventional Bourdon-type gage 
head in the cockpit is connected to the engine oil line at some 
point between the oil pressure pump and the engine. The 
pressure orifice in the gage is limited to the size of a No. 60 
drill in order to protect the gage from pressure surges and the 
consequent rapid fluctuation of the gage hand. 

The engine gage unit consists of an oil pressure gage, a fuel 
pressure gage, and an oil temperature gage. 

RADIAL ENGINE LUBRICATION 

The semi-diagrammatic drawing in figure 34 traces the lub- 
rication in a radial engine of fairly simple construction. 

Examination of this diagram will disclose that the oil sys- 
tem begins with the tank. The oil is drawn in by the pressure 
pump (P) — usually a gear pump driven by the crankshaft. 
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The oil is discharged from the pressure pump into a passage 
which leads into the hollow crankshaft (C). It is usually 
introduced into the engine at the rear bearing. 

This bearing is provided with an annulus (groove) entirely 
around its interior. At the point where this groove surrounds 
the crankshaft, holes are drilled from the outside of the crank- 
shaft into its hollow interior. The annulus is kept continu- 
ously filled with oil by the pump. Since this oil is under pres- 
sure, it is forced through the holes drilled in the crankcase into 
the interior of the shaft. 

Other passages may lead from this annulus to the various 
accessory drives, supercharger gearing, and other points re- 




Figura 34. — OH system of a radial engine. 
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quiring pressure lubrication. The oil can escape from the 
crankshaft only by being forced out between the bearing sur- 
faces. The pump, however, is capable of building up high 
pressure and supplying more oil than the engine needs. If too 
much oil is supplied, the excess will work up into the combus- 
tion chamber and foul the spark plugs, as well as producing an 
undue amount of carbon on cylinder heads and pistons. Ac- 
cordingly, the pressure of the oil must be controlled. 



DRIVE 
SHAFT 




Figure 35. — Oil pump and relief valve. 

Such control is possible through the relief valve, indicated 
as (V) in figure 34. As shown in figure 35, this device is 
simply a spring-loaded ball or plate. The valve may be ad- 
justed by increasing or decreasing the compression on the 
spring. The normal operating position of the valve is par- 
tially open. If the pressure drops, the valve closes; if the 
pressure rises, the valve opens. 

Occasionally, a small particle of foreign matter under the 
valve will hold it open and prevent it from building up the 
required pressure. Accordingly, if the oil pressure suddenly 
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drops, one of the first items you should inspect is the pressure 
relief valve. 

The master rod bearing is lubricated by means of holes 
drilled from the outside of the crankpin to the interior, as 
shown at (M) in figure 34. The oil is forced through these 
holes and between the bearing surfaces. It is thrown off in 
fine drops, or spray, by the rapidly rotating crankshaft, as 
indicated at (0) in figure 34. Other holes through the crank- 
pin line up with holes in the master rod bearing which lead 
through the knuckle pins. Thus, these pins are provided with 
lubrication, and the excess oil that works out around the 
knuckle pin bearings is also thrown on the cylinder wall. This 
process lubricates the pistons, the cylinders, and all of their 
moving parts. 

From the crankpin, a passage leads to the forward portion of 
the crankshaft, as indicated at (N) in figure 34. Oil from this 
passage is used to lubricate moving parts in the nose section, 
and by means of an annulus in one of the front bearings, may 
be led to the rocker arms and to the propeller governor control. 
Naturally, this oil is used only if a hydraulically operated pro- 
peller is installed. 

The oil thrown on the cylinder walls is forced out of the 
bearings in the nose section, and runs down the walls of the 
crankcase or falls, as indicated by the arrows in figure 34, and 
eventually collects in the sump. Here it passes through a 
sump strainer (D), and is picked up by the scavenger pump 
(S) which returns it to the tank. 

OIL DILUTION 

The difficulty in starting an aircraft engine in cold weather 
results from the high cranking torque (resistance to turning) 
of a cold engine. This resistance is caused by the viscous, 
sticky drag of the oil, particularly between the pistons and 
cylinder walls. You can readily see why thinning the oil be- 
fore the engine is stopped in cold weather will greatly reduce 
the cranking torque and facilitate the next starting. 

A system of oil dilution has consequently been developed 
in order to thin out the oil before stopping an engine. In such 
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a system, a line connects the fuel pressure line to a special Y 
draincock in which a spring poppet valve is installed. This 
valve is manually operated from the cockpit. 

Before the engine is stopped in cold weather, a small amount 
of fuel is allowed to enter the oil inlet line by holding the dilu- 
tion control open for a short time with the engine operating. 
The diluted oil then replaces the heavy oil throughout the 
entire engine, making the engine easier to start in cold weather. 

For complete, detailed information on the lubrication sys- 
tem of any specific engine, reference must be made to the 
lubrication chart in the technical publication for the engine 
involved. 

COOLING 

You have seen that the power developed by an engine is 
directly proportional to the heat of combustion. It is essen- 
tial, however, that the operating temperature of an engine be 
maintained within safe limits because of the limitations of 
present-day fuels — excessive heat causes detonation and loss 
of power. Cooling also results in energy loss, generally about 
30 percent of the total heat-energy generated. This loss can- 
not be reduced to any great extent without decreasing the 
reliability of engine operation. 

The air-cooled engine is usually lighter, in relation to its 
horsepower, than the liquid-cooled engine, since it has no 
jackets, liquids, or radiators. The simplicity of the system 
makes it practically free of cooling failures, and the individual 
cylinder arrangement makes it more easily accessible for re- 
pair. It is also less vulnerable to gunfire in military aircraft. 

The liquid-cooled engine has a smaller frontal area that 
lends itself to better streamlining in the nose. This permits 
greater speed, and gives the pilot increased visibility. The 
liquid-cooled system also has a better temperature control and 
makes possible more definite temperature readings, so that 
cooling of the entire engine may be quickly analyzed. 

AIR COOLING 

The principle of air cooling is simple. When the cool air 
from the propeller stream of a plane comes in contact with hot 
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metal cylinders, the heat is dissipated. The greater the sur- 
face exposed, the quicker the cooling process works; and the 
faster the cool air is blown against the surface, the more effec- 
tive is the air cooling. 

As you already know, air-cooled cylinders are made up of 
steel barrels and light alloy heads heavily finned for strength 
and for adequate cooling. Exposed fin areas have been in- 
creased from approximately 600 square inches on the old type 
of cylinder to 2,800 square inches on the new-type cylinder. 
This increase in surface area takes care of the extremely higli 
combustion temperatures permitted with the use of improved 
fuels. 

. Air deflectors, or pressure baffles, are installed in high- 




Figure 36. — Pressure baffles for twin-row engine. 
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performance aircraft engines to more effectively utilize cooling 
air. Figure 36 shows a typical pressure baffle system for a 
twin-row engine. As this illustration demonstrates, the baffles 
guide the air flow and increase its velocity over the cooling fins. 

Pressure baffles, however, may result in inadequate cooling 
during ground operation. It is important that cowl flaps be 
fully open during ground operations. 

Streamlined full depth NACA (National Advisory Com- 
mittee for Aeronautics) cowling around the outside circumfer- 
ence of the cylinders also improves cooling efficiency. Such a 
cowling consists of a hood, or ring, and a portion of the body 
behind the engine. 




Figure 37. — Cowl flaps and NACA cowling. 



The cooling efficiency will vary with the speed of the air- 
craft or velocity of the air flow. As a general rule, however, 
cooling designed for efficiency at high air velocities is some- 
what inefficient at low air velocities, particularly when the en- 
gine is being operated on the ground. To overcome this diffi- 
culty, controllable flaps may be placed in the trailing edge of 
the NACA cowling, as shown in figure 37. 

Some air-cooled engine installations in low-performance air- 
planes have a cowling over the front crankcase section. This 



81 



provides a means of control by which the airflow can be cir- 
culated around the crankcase in warm weather, and partially 
closed off in cold weather. 

The cylinder head temperature is measured with a thermo- 
couple mounted at the spark plug, as shown in figure 38. 
Essentially, the thermocouple is a junction of two different 
metals. When the junction is heated, an electromotive force 
is developed in proportion to the degree of temperature. The 
strength of this electromotive force is measured by a sensitive 
voltmeter which is calibrated to be read in degrees of tem- 
perature. 

This type of thermocouple is usually installed in place of the 
standard spark plug gasket in the particular cylinder which 
proves by test to be the hottest under most operating condi- 
tions. Where an attachable spark plug shield is used, the 
thermocouple gasket is installed between the shield and cylin- 
der head. The two thermocouple wires are of copper and 
constantin, each wire properly designed for correct installa- 
tion on the cylinder temperature indicator in the aircraft 
cockpit. 



Cylinder-base temperatures may also be measured with a 
thermocouple, the two wires being embedded in the cylinder- 
barrel flange and connected to the indicator in the cockpit. 

You should consult operating instructions for specific tem- 
perature limits for various engines. 




Figure 38. — Spark plug-type thermocouple. 
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QUIZ 



1. Why is it dangerous to have the oil pump supply more oil to the 
engine than needed for proper lubrication? 

2. How and when is engine oil diluted? Why? 

3. What disadvantage results from the use of pressure baffles during 
ground operation of aircraft engines? 

4. What is the purpose of the thermocouple mounted at the spark plug? 

5. There are two general types of aircraft engine oil systems — the wet 
sump and the dry sump. What type is used in radial engines? 

6. What pumps are used with the dry sump type oil system? 

7. What device is used to relieve excessive pump pressure in the oil 
system? 

8. What devices are included in the oil system to keep the oil clean? 

9. What type gage is used to measure oil pressure? 

10. Which would you expect to be lighter, an air-cooled or a liquid-cooled 
engine of the same horsepower? 
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CHAPTER 6 



PRATT & WHITNEY TWIN WASP (R-1830) ENGINE 

The model R-1830-94 engines (figs. 39, 40, 41), manufac- 
tured by Pratt & Whitney, are 14-cylinder, two-row radial, 
air-cooled aircraft powerplants with a single-stage, two-speed 
supercharger. To facilitate description, these engines are 
divided into five sections — front section, power section, blower 
section, intermediate rear section, and rear section. Your 
study of these engines will consider these sections in the above 
order. 

FRONT SECTION AND SUPPORT PLATE 

The front case houses the propeller shaft and the reduction 
gearing, as illustrated in figure 42. A liner in the front end 
of the case carries a ball bearing which receives the thrust 
from the propeller shaft. The two magnetos and the propeller 
governor are mounted on pads attached to the exterior of the 
case. A timing hole in the side of the case is provided so that 
you may observe the alignment of timing marks on the re- 
duction drive gear when checking timing. 

The reduction gearing is of the bevel planetary type, and 
the pinion cage is integral with the propeller shaft. The re- 
duction gear drive is coupled to the front end of the crank- 
shaft by three splined couplings. This gear is supported on 
the propeller shaft by a ball bearing. The reduction gear drive 
fixed gear is splined to an anchor fastened in the front of the 
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front case, and is supported on the propeller shaft by a ball 
bearing. 

Six bevel pinions with leaded bearings are mounted in the 
pinion cage, and mesh with the drive and fixed gears. An 
angular contact thrust bearing takes the outward thrust of each 
pinion. The propeller shaft is supported at the front end by 
the thrust bearing in the front of the front case. The rear end 
of the propeller shaft is supported by two roller bearings. The 
reduction-drive front coupling is fitted between these bearings. 
The outer portion of these two bearings is supported in a liner 
in the support plate. 

The support plate carries the intermediate gears which 
drive the front oil pump, the propeller governor, and the mag- 
neto drive gears, as illustrated in figure 43. The spark ad- 
vance piston is housed in two bosses on the front of the support 
plate. The cam bearing support is attached to the rear of the 
support plate by studs and nuts. The rear end of the front oil 
pump is supported in a hole in the support plate. 

Each of the magneto drive gears is supported by two ball 
bearings — one in the front case, the other in a bearing support 
attached to the case. The timing of the magnetos to either the 
25° normal spark advance or a 32° cruising spark advance is 
determined by the position of the spark advance pinions. Two 
spark advance pinions are mounted on a bracket in each mag- 
net intermediate drive bevel gear train. In each gear train, the 
magneto intermediate drive bevel gear is driven by the spark 
advance pinion gear acting on the spark advance pinions, as 
demonstrated in figure 43. 

The position of the two pairs of spark advance pinions 
determines the timing of the two magneto intermediate drive 
bevel gears. This also determines the timing of the magneto 
drive gears in relation to the spark advance pinion drive gears. 
These latter gears are splined to the magneto intermediate 
drive spur gears. As these spur gears are driven by the upper 
cam reduction gear, their timing remains fixed in relation to 
the crankshaft. 

The spark advance pinion position is shifted automatically 
from normal to cruising and back to normal by the spark ad- 
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vance system. This is equally the case when the engine speed 
is advanced or decreased through the cruising range. 

The spark advance operating unit is mounted on the top of 
the front crankcase. This unit is connected by pipes to the 
blower rim case, the blower throat, and the spark advance 
control unit on the carburetor. The operation of the auto- 
matic spark advance system is effected by the differential in 
blower rim pressure and blower throat pressure. 

The governor drive gear is supported in a bushing in the 
front case, and is driven by the governor intermediate drive 
gear. This drive gear is splined to the front end of the upper 
cam reduction gear. 

The front oil pump drive gear is driven by an intermediate 
gear which is supported in a bushing in the support plate. The 
intermediate gear is driven by the front cam. 

POWER SECTION 

The three sections of the crankcase are bolted together. 
Around the outside of the assembly are 14 cylinder mounting 
pads. Liners in the center and rear sections of the crankcase 
support the crankshaft center and rear bearings. The crank- 
shaft front bearing is supported by the front cam bearing 
which is seated in the front section of the crankcase, as illus- 
trated in figure 44. The front and rear sections of the crank- 
case contain bosses for the tappet guides. 

The cam gear trains operate valves through single-piece, 
double-track cams supported on bronze bearings. The front 
cam bearing is splined to the cam bearing support, and is sup- 
ported in the bore of the front section of the crankcase. This 
is illustrated in figure 44. The rear cam bearing is mounted 
on a circular shelf which is integral with the rear section of the 
crankcase, as shown in figure 45. 

Each cam is driven by two cam reduction gears. The front 
cam reduction gears are driven by the external teeth on the 
reduction drive on the intermediate coupling. This coupling 
is attached to the front end of the crankshaft by the reduction 
drive gear coupling. The rear cam reduction gears are 
driven by the crankshaft rear gear which is attached to the 
rear end of the crankshaft. 



92 



The front cam reduction gears are supported by bushings in 
the support plate and the front section of the crankcase. The 
rear cam reduction gear bushings are in the rear section of the 
crankcase and the blower case. 

The single-piece crankshaft has two crankpins to which the 
master rods are attached. The weight of the reciprocating 
master rod and piston assemblies is balanced by two counter- 
weights, one of which is riveted to the front cheek of the 
crankshaft. A flyweight, serving as a damper to suppress tor- 
sional vibration, is housed in a liner fitted in the rear cheek 
and its counterweight. 

The crankshaft is supported by three roller bearings mounted 
in the front, center, and rear sections of the crankcase. Some 
engines incorporate a plain journal bearing in place of the 
roller bearing in the center section of the crankcase. 

The master rods are located in No. 5 and No. 12 cylinders. 
Each master rod assembly consists of a master rod and cap 
(bolted together), six l-section articulated rods, six knuckle 
pins, and a two-piece leaded master rod bearing. 

The cylinders consist of cylinder heads with their integral 
cooling fins. These fins are screwed and shrunk to cylinder 
barrels which have aluminum muffs and deep cooling fins. 
Rocker boxes are provided with cowl mounting lugs, and are 
integral with the cylinder heads. Each head incorporates an 
inlet and an exhaust valve guide and seat, two spark plug 
bushings, and four rocker shaft bushings in the rocker box 
walls. The oil drain line between each pair of rocker boxes is 
permanently assembled on the front of the cylinder head, and 
supports the inter-ear deflector. 

Cylinder deflectors are mounted on the cylinder and the 
cylinder heads. They direct cooling air through the spaces be- 
tween the fins on the cylinders. The inter-ear deflectors are 
provided with blast tubes to direct air on the rear spark plug 
lead elbows, and have separate top plates to hold the rear spark 
plug lead grommets. Sealing strips on the edges of the cylin- 
der deflectors and the edges of the rocker box covers increase 
the efficiency of the cooling system. 

The valve mechanism functions as follows: The valves are 
operated by rockers supported on shafts in the rocker boxes. 

f 
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A valve-clearance adjusting screw and locknut are incorpo- 
rated in each rocker. The adjusting screw has a steel insert 
which acts as a contact between the screw and the valve stem, 
and minimizes friction at this point. 

Valve tappets actuate the rockers through tubular push rods. 
These rods have ball ends which mate with sockets in the 
tappets and rockers. The push rods are enclosed in push-rod 
housings. 

A rocker box cover is secured to each box. Two concentric 
valve springs are held in place on each valve stem by two 
washers and a split cone. The hollow exhaust valves contain 
sodium, which aids in cooling. 

The full-skirted pistons are of aluminum alloy. Each pis- 
ton has five ring grooves, and is fitted with compression rings 
in the first three grooves, dual oil control rings in the fourth 
groove, and an oil scraper ring in the fifth or bottom groove. 
Steel piston pins link the pistons to the articulated, or master, 
rods. 

BLOWER SECTION 

The blower case supports the engine in the airplane. It 
has eight pads on the outer circumference for the engine 
mounting brackets. The blower case houses the impeller, 
which is driven by clutches at either 7.15 or 8.47 times crank- 
shaft speed. An annulus around the case delivers the fuel and 
air mixture from the impeller to 14 ports in the case. Attached 
to each of these ports is an intake pipe through which the fuel 
and air mixture proceeds to the inlet valve of its cylinder. 

The accessory drive shaft extends through both the blower 
and the intermediate rear sections, passing inside the hollow 
impeller shaft, as may be seen in figure 46. The front end is 
coupled to the crankshaft rear gear by a splined adapter. The 
rear end of the shaft is splined into the plates of the accessory 
spring drive gear. This gear drives the clutches and the gen- 
erator intermediate drive gear. 

The impeller is splined and shrunk to the impeller shaft in 
a semipermanent assembly. The impeller shaft is hollow and 
is supported internally on the accessory drive shaft by two 
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journal bearings. The oil seal rings in the impeller shaft front 
carrier are seated in the blower case liner. The rings on the 
rear carrier are seated in a liner in the intermediate rear case. 
Two spur gears, integral with the rear of the impeller shaft, 
mesh with and are driven by .the high-ratio and low-ratio 
clutch gears, as illustrated in figure 47. 

INTERMEDIATE REAR SECTION 

The intermediate rear case houses the impeller drive gear 
train and supports a vaned diffuser. The impeller ratio 
selector valve is mounted on a pad on the top left of the case. 
From the carburetor mounting flange on the top of the case, a 
large duct leads down to carry the intake air to the impeller. 

The fuel transfer pipe from the carburetor connects with a 
passage in the case behind the carburetor mounting flange. 
This passage leads to the fuel feed valve. The fuel feed valve 
delivers fuel to the fuel slinger which mixes the fuel with the 
intake air. 

The cover and diaphragm assembly of the fuel feed valve 
are mounted on the forward side of the carburetor flange. 
Behind the accelerating pump pad is the magneto vent connec- 
tion. At the lowest point in the carburetor air duct, passages 
lead down to the automatic fuel drain valve in the bottom of 
the case. This valve discharges any fuel that may be ac- 
cumulated while the engine is being started. 

Dual ratio clutches and an impeller ratio selector valve 
provide for a high and low ratio. Both a high (8.47:1) and 
a low (7.15:1) ratio clutch are mounted on each of two shafts, 
one on each side of the impeller shaft. These shafts are sup- 
ported at the front end by bushings in the intermediate rear 
case, and at the rear end by bushings in the rear case. The 
shafts are driven by the accessory spring drive gear through 
pinions splined to the shafts. 

The clutch cones are splined to the clutch shafts. When 
engaged, they drive the clutch gears. These gears, in turn, 
drive the spur gears in the impeller shaft. The selector valve 
directs pressure oil to oil chambers between the cones and the 
gears of either the low-ratio or the high -ratio clutches. Drain 
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oil is forced back through the selector valve and discharged 
into the intermediate rear case. 

Some engines incorporate the creeper desludging type of 
clutch. To assist in cleaning sludge from the clutches, each 
clutch gear is equipped with a creeper gear having one more 
tooth than the clutch gear. A bleed hole in the creeper gear 
aligns momentarily with each of the bleed holes in the corre- 
sponding clutch gear. The pressure oil within the engaged 
clutch shoots out, carrying the sludge with it. 

REAR SECTION 

The rear case houses and supports accessory drives and 
adapters. It has mounting pads for the starter, generator, 
tachometer, and vacuum pump, and carries adapters for the 
hydraulic pump, fuel pump, and two auxiliary accessories. 
Figure 48 shows the rear view of the accessory section. 

The oil pressure relief valve is located in the rear face of 
the case between the fuel pump adapter and the generator 
mounting pad. The oil outlet pad is just below the fuel pump 
adapter. 

Near the bottom (on the left side) is the oil inlet pad, and 
on the right side is the bypass valve. The rear oil pump and 
the main oil screen are installed in the bottom left and right 
sides of the case, respectively. 

The accessory spring drive gear is splined to the rear end 
of the accessory drive shaft through its plates, and is sup- 
ported in bushings in the rear case. This gear drives the 
clutch shaft pinions on either sides, and the generator inter- 
mediate drive gear below. The starter jaw is splined to the 
hub of the rear plate of the accessory spring drive gear. 

The generator intermediate drive gear drives the gener- 
ator gear directly beneath it. This gear also drives the vac- 
uum pump intermediate drive gear. The generator drive gear 
is splined to a shaft which is supported between the walls of 
the rear case by bushings in the walls. 

The vacuum pump intermediate drive gear rotates around 
the generator drive gear shaft on a bearing incorporated in the 
gear, and drives the vacuum pump drive gear. The latter is 
supported vertically beneath the generator drive gear shaft 
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by a bushing in the vacuum pump drive gear housing. Splines 
are provided in the outer ends of the generator drive gear shaft 
and the vacuum pump drive gear for driving the generator and 
the vacuum pump. 

The accessory intermediate drive gear is driven by a 
pinion splined to the rear end of the left clutch shaft. It 
drives the rear oil pump drive gear, the fuel pump drive gear, 
and the left tachometer intermediate drive gear. It is sup- 
ported at the front end by a bushing in the fuel pump adapter. 

The rear oil pump drive gear shaft carries three spur gears. 
These gears are secured by keys, and mesh with idler gears in- 
side the three sections of the pump body. The fuel pump drive 
is housed in the fuel pump adapter attached to the rear case. 
The drive has splines at the outer end for driving a fuel pump. 

The hydraulic pump drive gear is driven by a pinion 
splined to the rear end of the right clutch shaft. This gear 
drives the right-hand tachometer intermediate drive gear. 
The front end is supported by a bushing in the rear case. The 
rear end, which has internal splines for driving the hydraulic 
pump, is supported in two bushings in the hydraulic pump 
adapter attached to the rear case. 

The left and right tachometer intermediate drive gears 
are driven by the accessory intermediate drive gear and the 
hydraulic pump drive gear, respectively. They are mounted 
in housings in the sides of the rear case and supported at the 
outer ends by bushings in the auxiliary adapters. The left 
and right tachometer drive gears are supported at both ends 
in the walls of the rear case, and are driven by their inter- 
mediate drive gears. 

Pinions splined to the outer ends of the tachometer inter- 
mediate drive gears drive the auxiliary drive gears on both 
sides of the engine. These gears have internal splines in their 
outer ends for driving additional accessories, and are supported 
in the tachometer intermediate drive gear housings and the 
auxiliary adapters. 

ENGINE LUBRICATION SYSTEM 

Oil is circulated through the engine by the rear on. pump. 
Oil from the tank enters the engine through the inlet port and 
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descends to the bottom stage of the three-stage pump. Oil is 
forced from the pump through a passage in the rear case, 
through the screens in the strainer, and upward to the spring- 
loaded check valve in the top of the screen assembly. 

When the engine is not running, the check valve prevents oil 
in the tank from entering the lubrication system of the engine. 
If the screens become clogged or the check valve sticks, the 
bypass valve allows the pressure oil to pass through the engine. 
When the oil emerges from the check valve in the main oil 
screen chamber, it enters the two main branches of the lubri- 
cation system. 

In the first branch of the lubrication system, oil from the 
oil screen chamber is directed through a passage to an annular 
groove which encircles the rear bushing of the generator inter- 
mediate drive gear. Part of the oil passes through metering 
holes in the generator intermediate drive gear bushing and 
shaft. These holes reduce the pressure of the oil which enters 
the hollow shaft. 

From the interior of the shaft, this low-pressure oil goes 
through a series of connecting channels to lubricate the gears 
and bushings in the intermediate rear and the rear sections. 

Oil from the annular groove is also directed under pressure 
into two other principal channels. One of these channels con- 
ducts pressure oil to the oil pressure relief valve. This valve 
is adjusted to maintain an engine oil pressure of from 85 p.s.i. 
to 100 p.s.i. Oil bypassed through the relief valve returns to 
an opening behind the oil inlet port. 

The other principal oil channel conducts pressure oil up- 
ward to an annular groove between the two bushings of the 
accessory spring drive gear. From this point, a drilled pas- 
sage runs to a connection in the upper right corner of the rear 
case where the pressure oil may be utilized as a source of 
external supply. From the annular groove, oil enters the 
accessory drive shaft through drilled holes, and flows forward 
inside this shaft into the rear end of the crankshaft. 

Drilled passages in the crankshaft carry the oil through the 
two crankpins to the master rod bearings. Holes in these 
bearings convey pressure oil to annular distributing grooves in 
the master rod bores. These grooves distribute the oil through 
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drilled passages in the master rod and knuckle pins to the 
knuckle pin bushings. 

The crankshaft bearings, cylinder walls, and piston pins are 
lubricated by spray oil thrown from the master rod bearings 
and knuckle pin bushings. Additional lubrication is furnished 
to the moving parts within the crankcase section by oil dis- 
charged from two jets in the crankshaft. 

Pressure oil from the front end of the crankshaft passes 
through a pipe into the interior of the propeller shaft. Oil 
from this shaft proceeds outward through the reduction gear 
pinion shafts to the pinion bearings. 

The teeth of the reduction gears have two sources of lubrica- 
tion — oil thrown from the pinion bearings and from three jets 
in the propeller shaft. The internal pipe in the propeller shaft 
carries oil forward to the propeller mechanism. 

In the second branch of the lubrication system, pressure oil 
flows forward from the chamber above the main oil screen 
assembly through passages in the right side of the rear and 
intermediate rear cases. These passages supply pressure oil 
to three principal channels — A, C, and D. 

Oil channel A carries oil to the front cam compartment and 
to the front section. A transfer pipe in the right-hand wall of 
the blower case connects with an external pipe which carries 
oil to the bottom of the front crankcase. 

An oil transfer pipe in the front crankcase carries this oil to 
the spark advance selector-valve body. The selector valve 
directs pressure oil through pipes either to the normal or to 
the cruising side of the spark advance piston, depending on the 
position of the valve plunger in its guide. 

From the selector-valve body, a short pipe carries oil into 
the system of internal passages in the front crankcase. Oil 
from these passages lubricates the rear bushings of the front 
cam reduction gears. It then passes forward through the gear 
shafts to the front bushings, and continues through drilled 
passages in the support plate and the cam bearing support to 
an annular groove encircling the front cam bearing. 

Oil from the drilled passages in the support plate also lubri- 
cates the magneto intermediate drive bushings and bearings. 
Other drilled passages lead oil from the internal passages into 
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each tappet guide boss, the tappet guides, and the tappets. 

From the tappet guides, the oil goes through the hollow push 
rods to the rockers. A short pipe carries the oil forward from 
the spark advance selector-valve body to supply the propeller 
governor and to lubricate the governor drive gear bushing. 

Oil from the governor is conveyed by another passage and 
pipe to the oil transfer bearing. From there it passes into the 
propeller shaft where it may be utilized to operate a hydraulic 
propeller. Some oil from the transfer bearing also reaches the 
thrust bearing in the front end of the front case. 

Oil channel C provides lubrication for the impeller shaft 
thrust plates and the moving parts in the rear cam compart- 
ment. A small pipe carries oil from the transfer pipe in the 
right-hand wall of the blower case across the front face of the 
blower case to a bracket. From this bracket, a short pipe 
leads into the central boss of the case to bring oil to the thrust 
plates. 

The bracket also transmits oil into an internal passage in 
the cam shelf in the rear section of the crankcase. Here, a 
drilled hole allows the oil to reach an annular groove on the 
rim of drilled passages in the tappet guide bosses. 

The tappets, push rods, and rockers of the rear cylinders are 
lubricated in the same manner as those in the front row of 
cylinders. Auxiliary passages and the hollow shafts of the 
gears similarly provide oil to lubricate the front and rear 
bushings of the rear, cam-reduction gears. 

Oil channel D is a drilled passage in the intermediate rear 
case which carries pressure oil to the impeller ratio-selector 
valve to operate the clutches. 

In the scavenge system, drain oil from the rocker boxes 
collects in the rocker box sump on the No. 8 cylinder head. 
The oil reaches this sump through external pipes linking the 
rocker box covers of the lower cylinders. The sump is scav- 
enged by one stage of the front oil pump through an external 
suction pipe attached to the front case. 

Oil from the rocker boxes of the upper cylinders drains into 
the front and rear crankcase sections through the push rod 
covers and grooves in the tappet guides. The drain oil collect- 
ing in the bottom of the front case and the front cam com- 
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partraent is scavenged by a second stage of the front oil pump. 

Both stages of the pump force oil back through an external 
pipe extending from the bottom of the front case to the for- 
ward left side of the blower case. The return oil from this 
pipe proceeds through passages in the blower, intermediate 
rear, and rear cases, and reaches the oil outlet passage just 
forward of the oil outlet port. 

Oil thrown off the moving parts in the crankcase sections and 
the rear cam compartment collects in the bottom of the rear 
section of the crankcase and drains through two pipes into the 
main sump between No. 7 and No. 9 cylinders. The oil in the 
main sump is then scavenged by the middle stage of the rear 
oil pump through a series of passages in the blower, inter- 
mediate rear, and rear cases, and is discharged through the 
outlet port. 

The screen in the main sump catches foreign matter in the 
drain oil. Drain oil which collects in the bottom of the inter- 
mediate rear and rear cases is similarly scavenged by the top 
stage of the rear oil pump. 

CARBURETOR 

Model R-1830 engines are equipped with injection carbu- 
retors which meter fuel in proportion to the mass flow of air 
into the engine. The mass airflow into the engine is con- 
trolled by the throttle opening. The fuel, after being metered 
by the carburetor, is discharged at the blower throat. There 
it is taken up by the impeller, mixed with the air, vaporized, 
and then delivered to the cylinders through the intake and the 
inlet valves. 

The automatic spark advance control unit is mounted on the 
carburetor and connected to the lines leading from the blower 
rim and blower throat to the operating unit on the front sec- 
tion of the crankcase. 

IGNITION 

Ignition for model R-1830 engines is provided by two mag- 
netos mounted on the front case. Each magneto fires one of 
the spark plugs in each cylinder. The right magneto fires the 
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front plugs and the left magneto the rear plugs of both rows 
of cylinders. A system of vent lines connecting the magnetos 
to the blower throat prevents the accumulation of moisture in 
the magnetos. 

The ignition harness is mounted around the front section 
of the crankcase and is fastened to the rear of the two mag- 
netos. The manifold ring and the distributor block housings 
are filled with a plastic material for additional insulation and 
protection against moisture. The distributor blocks are sealed 
in the harness and should not be removed. 

PROPELLER 

Model R-1830 engines are equipped to mount constant- 
speed and full-feathering propellers of the hydraulically 
controlled type. The front case contains the oil passages for 
introducing the oil. into the propeller shaft and thence into the 
propeller. 



QUIZ 

1. In the Pratt & Whitney Twin Wasp R-1830 engine, where are the 
magnetos mounted? 

2. How are the magnetos timed? 

3. How many sections are there in the crankcase? 

4. In what cylinders are the master rods located ? 

5. How is the engine supported in the airplane? 

6. What is the function of the automatic fuel drain valve? 

7. What pump circulates oil through the engine? 

8. What oil pressure is maintained in the engine? 

9. How are the master rod bearings lubricated ? 
10. Where is the rocker box sump located? 
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CHAPTER 7 



PRATT & WHITNEY DOUBLE WASP 
(R 2800) ENGINE 

The model R-2800-22 engine (see figs. 49, 50, 51), manu- 
factured by Pratt & Whitney, is the basic model of the Double 
Wasp, C Series powerplants. This plant is an 18-cylinder, 
twin-row radial, air-cooled engine having a total piston dis- 
placement of 2,804 cubic inches. 

The general description of this engine is presented under the 
following headings: front section, front accessory section and 
front support plate, power section, supercharger section, lubri- 
cation system, ignition system, carburetor and fuel feed valve, 
combat power, and propellers. 

FRONT SECTION 

The front case incorporates a recessed liner at its front end 
which supports the propeller shaft thrust bearing. This is a 
ball bearing which has a split inner face and supports the front 
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1. Magneto pressurizing line. 

2. High tension lead. 

3. Distributor housing cover. 

4. Automatic spark advance tubing. 

5. Automatic spark advance operating unit. 

6. Inter-ear drain tube. 

7. Spark plug leads. 

8. Ignition manifold. 

9. Rocker drain oil manifold suction tube. 

10. Front oil scavenge and torquemeter booster pump. 

11. Scavenge oil return tube. 

12. Thrust bearing nut. 

13. Torquemeter oil pressure transmitter. 

14. Distributor air intake line. 

15. Distributor air intake cover. 

16. Distributor housing. 

17. Torquemeter gage connection. 

18. Magneto. 

Figure 49— Left front view of R-2800 engine. 

end of the propeller shaft. A boss is incorporated in the front 
case for installation and support of the governor oil transfer 
pipe. A mounting pad is provided for a torque-indicator oil- 
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1. Magneto ground terminal. 

2. High tension lead. 

3. Magneto pressurizing line. 

4. Governor oil transfer tube 

plug. 

5. Governor mounting pad. 

6. Front scavenge oil return 

duct and transfer tube. 

7. Auxiliary supercharger inlet 

port. 

8. Auxiliary supercharger con- 

trol. 

9. Main oil sump scavenge 

passage strainer plug. 

10. Tachometer drive. 

11. Side auxiliary mounting pad. 

12. Breather. 

13. Auxiliary supercharger out- 

let port. 

14. Spark advance control unit. 

15. Spark advance tubing. 

16. Primer line tubing.' 

17. Front exhaust stack. 



1. Automatic mixture control. 

2. Fuel transfer tube. 

3. Electric primer unit. 

4. Hydraulic coupling selector valve. 

5. Vacuum pump mounting pad. 

6. Starter mounting pad. 

7. Low pressure relief valve. 

8. Oil pressure compensating relief 

valve. 

9. Fuel pump mounting pad. 

10. Oil temperature connection. 

11. High speed generator mounting 

pad. 

} 12. Oil outlet. 

13. Main oil scavenge pump. 

14. Main oil screen by-pass valve. 
|0 15' 0» »nlet. 

16. Oil pressure pump. 

| 17. Rear section scavenge oil strainer 

1 drain plug. 

18. Main oil screen drain plug. 

12 19 - R ear section drain plug. 

20. Main oil sump drain plug. 

21. Auxiliary supercharger intake port. 

22. Tachometer drive. 

23. Distributor air intake. 

24. Auxiliary supercharger intake port. 

25. Side auxiliary mounting pad. 

26. Thermocouple leads. 

27. Rear cam oil transfer tube. 

28. Water control unit. 

29. High pressure oil gage connection. 

30. Engine mounting bracket boss. 

31. Thermocouple adapter. 

32. Manual mixture control. 
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pressure transfer cover. Six circular, steel-lined recesses are 
located in the rear of the front case to house six torque indi- 
cator pistons. A bracket secured to the rear side of the front 
part of the front case positions the propeller shaft oil transfer 
bearing. 

The propeller reduction gear ratio is 20:9, and the reduction 
gearing is of the spur planetary type. The reduction drive 
fixed gear is an internal spur-ring gear with diagonal splines 
on its outside diameter. These splines mesh with splines 
machined in the reduction drive fixed gear support. 

This support is secured to the rear face of the front case. 
Six reduction drive fixed gear retainers bolted to the support 
hold the gear in place. A coupling, splined to the front end 
of the crankshaft, mates with internal splines in the reduction 
drive gear and transmits power from the crankshaft to the 
drive gear. Teeth on the outside diameter of the drive gear 
mesh with 15 reduction drive pinions housed in the reduction 
drive pinion cage, which is integral with the propeller shaft. 
Each pinion is held in the cage by a pinion shaft and mates 
with the teeth on the outside diameter of the fixed gear. 

The torque indicating system makes possible the accurate 
measurement of the actual power output to the propeller when • 
the airplane is in flight. The reduction drive fixed gear moves 
forward on the diagonal splines on its outside diameter in 
response to the torque applied to the propeller shaft by the 
crankshaft through the reduction drive gear. As this occurs, 
the forward thrust of the reduction drive fixed gear is counter- 
balanced by pressure oil operating on the gear through the six 
torque-indicator pistons. 

Each piston carries two oil seal rings, is fitted on its rear end 
with a slipper bearing which maintains contact with the fixed 
gear, and is retained in its recess by a cover. Oil pressure is 
supplied by the booster section of the oil pump mounted in the 
front accessory case. The pressure oil is received by the 
master piston located in the bottom of the front case. 

This piston meters the flow of oil to itself and the five other 
pistons. Such metering is in direct proportion to the varying 
load applied to the six pistons through the reduction drive 
fixed gear. Thus, the reduction drive fixed gear is always 
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balanced by oil pressure acting against the front side of the 
pistons. 

Oil pressure acting on the torque-indicator piston also acts, 
through a corded passage, on a pressure transfer diaphragm 
mounted on the front case. This diaphragm transmits the 
pressure through a pipeline filled with a low viscosity fluid to 
a pressure gage" in the cockpit. By calculating the oil pressure 
acting on the torque-indicator pistons together with the engine 
r.p.m. and a previously determined torque constant, the pilot 
can determine the horsepower being delivered to the propeller. 

FRONT ACCESSORY SECTION AND FRONT SUPPORT PLATE 

External pads on the front accessory case provide mount- 
ings for a dual magneto, twin distributors, an automatic spark 
advance operating unit, a propeller governor, and the oil 
scavenge and booster pump. On its inside surface, the front 
accessory case supports the two distributor drive gears and the 
distributor intermediate drive spur and bevel gears. 

The front support plate is secured to the main crankcase 
section. Units supported by this plate are the intermediate 
gears for driving the front accessories, the front cam, and the 
front secondary counterbalance. The front support plate also 
houses the spark advance piston. 

The Scintilla magneto is driven through a train of gears. 
This train of gears starts with the crankshaft front gear and 
runs through the spark advance gear system and the magneto 
intermediate drive gears (which are mounted on the front 
support plate), to the magneto drive gear mounted in an 
adapter on the front accessory case. 

Each G.E. magneto is driven by a train of gears that starts 
with the crankcase front gear and runs through the spark ad- 
vance gear system and the respective distributor drive idler 
gear (both of which are mounted on the front support plate), 
and then through the distributor intermediate drive gears (on 
the side of the front accessory case), to the distributor drive 
gear (mounted in the front accessory case). 

Each distributor is driven through a train of gears which 
starts with the crankshaft front gear and runs through the 
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spark advance gear system and the respective distributor drive 
idler gear (both of which are mounted on the front support 
plate). From here, the train of gears runs through the dis- 
tributor intermediate drive gears on the side of the front ac- 
cessory case, to the distributor drive gear mounted in the front 
accessory case. 

The spark advance operating unit is mounted on the front 
accessory case and is connected by a system of tubing to the 
blower rim, blower throat, and to the spark advance control 
unit on the carburetor. Pressure differential between the 
blower rim and throat acts through the tubing on a diaphragm 
in the operating unit. 

The diaphragm, in turn, actuates the operating unit selector 
valve. Movement of this selector valve allows pressure oil to 
be directed to either the cruising advance or the normal ad- 
vance side of the spark advance piston. This piston is 
mounted in the front support plate, and acts on the spark 
advance gear system through a yoke on the spark advance 
pinion bracket. 

As the position of the piston changes, the position of the 
spark advance pinions alter with respect to their driving gear. 
Since the position of their driving gear is fixed with respect to 
the crankshaft, the change of position of the piston (acting 
through the pinions, the pinion-driven gears, and the magneto 
and distributor intermediate drive gears) , advances or retards 
the timing of the magneto and distributors with respect to the 
crankshaft. 

The oil scavenge and booster pump is driven through a 
train of gears which starts with the crankshaft front gear and 
runs through the lower cam reduction gear and the oil scavenge 
and booster pump intermediate drive gear (both of which are 
mounted on the front support plate) , to the drive gear in the 
pump. This drive gear is mounted in the front accessory case. 

The governor is driven through a train of gears which starts 
with the crankshaft front gear and runs through four inter- 
mediate gears on the front support plate to the governor drive 
gear, which is mounted in the front accessory case. 
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POWER SECTION 



The three sections of the crankcase are held together by 
studs and special bolts. Two rows of cylinder mounting pads 
are located around the outer circumference of the crankcase 
assembly. Steel-backed, prefitted bearings with leaded bear- 
ing surfaces are shrunk into the bore of the front and rear 
sections of the crankcase to support the front and rear sections 
of the crankshaft. 

The center section of the crankshaft is supported by a two- 
piece bearing of the same type. This bearing is seated in a 
liner shrunk into the center section of the crankcase and held 
in position by retaining plates. Rotation of the front and 
rear main bearings is prevented by four lock-tabs on the 
flanged end of each bearing. 

The cams and cam bearings are supported on integral, cir- 
cular bosses on the front and rear sections of the crankcase. 
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The rear ends of the front cam reduction gears and the front 
ends of the rear cam reduction gears are supported in the front 
and rear sections of the crankcase, respectively. 

The valve tappet guides and tappets for the front and rear 
rows of cylinders are supported in the corresponding section of 
the crankcase. Four engine lifting links are secured to the 
crankcase, two in the front section and two in the rear section. 

The rear support plate is secured to the rear section of the 
crankcase, and supports the rear end of the rear cam reduction 
gears and the front end of the rear counterbalance intermediate 
drive gear shaft. 

The crankshaft is machined from three steel forgings. The 
front and rear sections are held to the center section by bolts 
which pass through the crankpins. The end of each crankpin 
and its mating face on the crankshaft center section are ser- 
rated. Each crankpin has a special sludge retainer on its 
inside diameter. 

The crankshaft assembly is supported by the bearings in the 
main crankcase sections. The crankshaft cheeks are integral 
with the front and rear sections and support pendulum-type 
counterweights designed to dampen crankshaft vibrations. 

Each counterweight is supported on two large roller pins 
which pass through steel-bushed holes in the counterweight 
and crankshaft cheek. The pendulum travel of the counter- 
weights is controlled by stops which are bolted to the crank- 
shaft cheeks. 

A secondary counterbalance is provided at each end of the 
crankshaft to dampen second-order vibrations caused by the 
eccentric masses of the master rod assemblies. The front 
counterbalance turns on a leaded sleeve bearing splined to the 
front crankshaft section. A counterbalance spring drive gear, 
splined to the reduction drive gear coupling, drives the counter- 
balance intermediate drive gear. This gear is mounted on the 
front support plate. 

The rear counterbalance turns on a leaded surface on the 
outside diameter of the crankshaft rear gear, which is secured 
to the end of the crankshaft. A counterbalance spring drive 
gear is splined to an adapter secured to the end of the crank- 
shaft, and drives the counterbalance intermediate drive gear 
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mounted on the rear support plate. Each counterbalance in- 
termediate drive gear drives its counterbalance at twice crank- 
shaft speed. 

The hollow front section of the crankshaft contains two 
steel -backed bronze bearings which support the rear of the 
propeller shaft. The reduction drive gear coupling and the 
crankshaft front gear are splined to the front end of the crank- 
shaft. The reduction drive gear coupling supports the crank- 
shaft oil transfer bearing and the front counterbalance spring 
drive gear. The rear end of the crankshaft has internal splines 
to accommodate the accessory drive shaft adapter. 

The one-piece master rods are located in cylinders No. 8 
and No. 9. The master rod bearings are one-piece steel shells 
having a special leaded surface. Each bearing is held in place 
by two retainer plates which fit on the faces of the master rod. 
The retainer plates have fingers which fit over bosses at each 
end of the full-floating, silver-plated knuckle pins. Eight 
I -section articulated rods are attached to each master rod by 
knuckle pins, and a piston is attached to each master and 
articulated rod by a piston pin. 

As shown in figure 58, the double-track, four-lobe cams 
which actuate the valves in each row of cylinders, rotate on 
bronze bearings with leaded surfaces. They are mounted on 
the front and rear sections of the crankcase. The front cam 
is driven through a train of gears which starts with the front 
crankshaft gear and runs through two cam reduction gears and 
pinions. These latter units are supported by the front support 
plate and front section of the crankcase. The rear cam is 
driven through a similar train of gears. Both cams are driven 
opposite to crankshaft rotation at one-eighth crankshaft speed. 

The tappet glides are shrunk onto the front and rear sec- 
tions of the crankcase. The outer ends of the tappet guides 
are supported in the crankcase wall, and the inner ends are 
anchored in bosses forged integral with the crankcase sections. 
Steel valve tappets with roller-type cam followers are mounted 
in the tappet guides. These tappets actuate the valve- 
operating mechanism in the cylinder heads through tubular 
pushrods which have ball ends. 

The cylinder barrels are machined from steel forgings. 
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Aluminum sleeves, in which cooling fins have been machined, 
are shrunk over the central portion of each barrel. The heads 
are of forged aluminum with machined cooling fins and integral 
valve rocker boxes. The cylinder heads are screwed and 
shrunk onto the barrels. Each cylinder has one inlet and one 
exhaust valve seat shrunk onto the cylinder head. 

The cylinder head also incorporates bronze inlet and exhaust 
valve guides, heli-coil inserts for two spark plugs, and two steel 
bushings to support each rocker shaft. The cylinder barrels 
are provided with mounting flanges and are secured by studs 
and nuts to the crankcase. 

The aluminum pistons are of the full-skirt type. Each 
piston has five ring grooves. Compression rings are fitted into 
the first three grooves, dual oil control rings in the fourth 
groove, and a rectangular-sectioned compression ring in the 
fifth groove. The top compression ring is chromium plated on 
the side which bears against the cylinder wall. 

Cylinder deflectors, located between the rocker boxes on 
each cylinder head and between adjacent cylinders, baffle a 
high-velocity flow of cooling air between and around cylinder 
fins. 

All valve-operating parts are enclosed. The rockers are 
supported on shafts which are, in turn, supported by bushings 
in the rocker boxes. The rocker arms are actuated by push 
rods with ball ends. These, in turn, are actuated by the cams 
and tappets in the front and rear main crankcase sections. 
The rockers are equipped with valve clearance adjusting screws 
and locknuts. The exhaust valves are hollow and are par- 
tially filled with sodium for cooling. Inlet valves are solid and 
have stems of smaller diameter than the stems of exhaust 
valves. Both inlet and exhaust valves are fitted with two con- 
centric coil springs. These springs are secured to the valve 
stems by washers and split-cone locks. 

MAIN SUPERCHARGER SECTION 

The main supercharger case is attached to the crankcase 
rear section (fig. 59) . This section supports the engine in the 
airplane through six integral, angular bosses which incorporate 
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Figure 60. — Cutaway view of main supercharger inlet and 
auxiliary supercharger sections. 

steel liners to accommodate the engine mounting flexible 
bracket assemblies. Nine outlet ports are located around the 
periphery of the case, and Y-shaped cylinder intake pipes are 
attached to these ports. A bowl-shaped center section divides 
the interior of the case, forming an annulus inside the outlet 
ports and a recess which houses the main impeller drive gear 
train at the front of the case. Bushings in the front face of 
the center wall support the shafts for the main impeller inter- 
mediate spring drive gears, and a steel liner in the center ac- 
commodates the four main impeller front oil seal rings and the 
thrust plate. The main impeller diffuser is supported on studs 
from the rear face of the center wall. Check figure 60 for a 
cutaway view of the main and auxiliary supercharger sections. 

The main impeller assembly is housed between the main 
supercharger and the supercharger inlet case. The main im- 
peller shaft is hollow, with two bronze bearings pinned in the 
inside diameter. These bearings support the main impeller 
shaft on the accessory drive shaft. The impeller shaft in- 
corporates splines for the main impeller and the impeller drive 
gear, as well as lands for the four front oil seal rings. The 
main impeller drive gear is locked onto the front splines, and 
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the main impeller, fuel slinger, rear oil seal ring carrier, and 
two locknuts are installed on the rear of the shaft. Power is 
supplied from the crank-shaft to the main impeller shaft gear 
through the accessory splined drive sleeve, the main impeller 
spring drive gear, and the two main impeller intermediate 
spring drive gears. 

The supercharger inlet case attaches to the studs at the 
rear of the main supercharger case and incorporates inlet pas- 
sages for both the main and auxiliary impellers (fig. 61) . One 
inlet passage, incorporating a rectangular mounting flange for 
the carburetor, conducts air to the front of the case for the 
main impeller, while two smaller passages with rectangular 
parts conduct the air to the rear of the case for the auxiliary 
impeller. 

Two gate valves on a single shaft, one in each auxiliary inlet 
passage, control the amount of air to the auxiliary impeller so 
that a constant pressure exists at the carburetor entrance. 

The auxiliary supercharger case attaches to the rear of 
the supercharger inlet case. A mounting pad for the water 
control unit of the combat power system is provided on the 
left side of the case, and the main breather outlet is located at 
the top right side. 

The auxiliary impeller assembly is housed between the 
supercharger inlet and auxiliary supercharger cases. The aux- 
iliary impeller shaft is hollow steel. Two bronze bearings, 
pinned in the inside diameter, support the assembly on the 
accessory drive shaft. The impeller drive gear is splined to 
the outside diameter of the shaft, and lands are machined on 
the shaft for the four rear oil seal rings. The auxiliary im- 
peller drive gear is locked on the rear of the shaft, and the 
auxiliary impeller and front oil seal ring carrier are installed on 
the front of the shaft with a locknut. 

High- and low-ratio hydraulic couplings (see fig. 62) are 
mounted on each of the two shafts which are supported on 
either side of the impeller shaft between the rear and auxiliary 
supercharger cases. The two coupling shafts are driven by the 
accessory drive gear through a pinion splined on the rear of 
each shaft. The impellers of each coupling are splined to the 
shaft, and the runners, or driven impellers, are splined to the 
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respective coupling gears which are free running on the coup- 
ling shaft and mesh with the auxiliary impeller shaft gear. 

When oil is directed into the high- or low-ratio couplings by 
the selector valve, the selected couplings fill with oil. Power 
is transmitted from the impeller to the runner, causing the 
coupling gear, which drives the auxiliary impeller shaft gear, 
to accelerate as the coupling fills until the coupling gear travels 
at the same r.p.m. as the coupling shaft. 

In shifting from the high-ratio to the low-ratio coupling, a 
circular sleeve valve, located on the hydraulic coupling shaft 
between the low-ratio runner and impeller, prevents the low- 
ratio coupling from filling with oil until the auxiliary impeller 
has slowed to a point at which the low-ratio runner is traveling 
at a slightly lower r.p.m. than the low-ratio impeller. The 
low-ratio coupling valve will rotate on the coupling shaft when 
the r.p.m. of the low-ratio impeller equals or exceeds the r.p.m. 
of the low-ratio runner. The distance that the valve can ro- 
tate is controlled by a stop. When the valve rotates to the 
stop, the oil holes in the valve will line up with the oil holes in 
the shaft, allowing pressure oil from the shaft to enter the low- 
ratio coupling. When the shift is made from low to high, the 
r.p.m. of the low-ratio runner will exceed that of the impeller, 
which will cause the valve to rotate to the stop in the opposite 
direction. With the valve in this position, oil from the shaft 
will be blocked off and prevented from entering the low-ratio 
coupling. 

The accessory drive shaft is splined at the front end to an 
adapter which, in turn, is splined to the rear end of the crank- 
shaft. The rear end of the shaft is splined to, and supported 
by, the hub of the accessory spring drive gear. This gear is 
supported in steel-backed bronze bushings in the rear case. 
The starter jaw is splined in the rear end of the accessory 
spring drive gear hub. 

LUBRICATION SYSTEM 

Oil from the tank is circulated through the engine by a gear- 
type pressure pump located in the left face of the rear case 
(fig. 62). The oil pressure pump cover is provided with 
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mounting bosses for an inlet oil connection, a compensating 
relief valve, and an oil screen chamber bypass valve. 

The pump sends high -pressure oil to the main oil screen 
chamber located in the lower central portion of the rear case. 
An oil screen chamber bypass valve permits oil to bypass the 
oil screen if the screen becomes clogged. 

A check valve at the top of this chamber eliminates oil flow 
from the main tank into the engine when the engine is not in 
operation. The oil passes through this check valve at the top 
of the screen chamber to a smaller chamber directly above. 
From this chamber, a passage connects with an annulus around 
the end of the oil transfer shaft. 

A passage from this annulus runs to the front face of the 
compensating relief valve. Oil from this passage also circu- 
lates over the thermostat which controls the compensating 
action of the relief valve. When the oil temperature rises to 
40° C. (104° F.), the thermostat opens, allowing pressure oil 
to flow to the compensating relief valve piston. The relief 
valve then permits oil to bypass to the oil inlet side of the 
pump so that the desired pressure will be maintained. 

HIGH-PRESSURE OIL SYSTEM 

In the first branch of the high-pressure system, oil from the 
annulus around the rear end of the oil transfer shaft enters the 
transfer shaft and passes forward through drilled passages to 
the intermediate rear and blower cases to the rear main crank- 
case. It provides lubrication for the valve timing and operat- 
ing mechanisms of the rear row of cylinders, the rear cam and 
cam reduction gears, and the rear counterbalance intermediate 
drive gear and shaft. The pressure oil is metered as it enters 
the tappets and passes through the hollow tubular push rods 
into drilled passages in the rockers to lubricate the rocker 
shafts, the valve clearance adjusting screw inserts, and the 
ends of the valve stems. 

In the second branch, oil from the annulus around the rear 
end of the oil transfer shaft passes through a passage to an 
annulus around the rear end of the accessory drive shaft. Oil 
from this annulus passes to the selector valve, where it is di- 
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rected through two other passages to operate the high- or low- 
ratio clutches. From the annulus around the rear end of the 
accessory drive shaft, passages lead to the main pressure gage 
connections on. the upper right and left sides of the rear case. 

In the third branch, most of the oil from the annulus 
around the rear end of the accessory drive shaft passes through 
the accessory drive shaft into the rear of the crankshaft. The 
impeller shaft bearings are lubricated by oil passing through 
holes drilled in the accessory drive shaft. 

The oil passes through drilled passages and a jet in the crank- 
shaft rear section to lubricate the rear main bearing, rear 
counterbalance, counterbalance spring drive gear parts, rear 
counterweight roller bushing, and rear master rod bearing. 

A retainer plate at each end of the master rod bearing dis- 
tributes oil to the hollow floating knuckle pins through lugs 
which fit over bosses at each end of the knuckle pins. The 
knuckle pins are drilled to direct oil to the articulated rods. 
The cylinder walls and piston pins are lubricated by a spray 
of oil thrown from the master rod bearings and knuckle pins. 

Oil passing through a drilled passage in the crankshaft cen- 
ter section lubricates the center main bearing. 

The front master rod assembly, piston cylinder walls, coun- 
terweight roller bushings, and front main bearings are lubri- 
cated through drilled passages in the crankshaft front section 
in the same manner as the corresponding rear parts. 

From the crankshaft, the oil continues into the rear end of 
the propeller shaft. There, two small oil lines extending across 
the inside diameter of the shaft conduct oil to the two pro- 
peller shaft pilot bearings in the crankshaft. A third and 
larger oil pipe conducts oil through drilled passages in the 
crankshaft front section to lubricate the front counterbalance 
and counterbalance spring drive gear parts. 

The oil continues forward in the propeller shaft and passes 
through oil pipes at the reduction drive pinion cage and the 
pinion shafts. This oil lubricates the reduction drive pinions, 
pinion bearings, and the reduction drive gear. A spray of oil 
is played on the reduction drive fixed gear from oil holes in the 
reduction drive pinion cage. 

High -pressure oil to be used in the operation of a hy dramatic 
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propeller is carried to the front end of the propeller shaft by a 
central tube. 

In the fourth branch, the oil is taken from the rear end of 
the propeller shaft through the same pipe which carries oil to 
the front counterbalance parts. The oil travels through drilled 
passages in the crankshaft front section and the reduction drive 
gear coupling to the annulus in the inside diameter of the 
crankshaft oil transfer bearing. 

The oil passes from this annulus through an arm on the bear- 
ing to the front end of the upper cam reduction and spark ad- 
vance gear assembly. From this point, the oil flows through 
the upper cam reduction gear shaft and is carried through 
drilled holes in this shaft to the upper cam reduction and spark 
advance gear assembly bushing in the front support plate. 

Through drilled holes in this bushing, the oil passes to an 
annulus around its outside diameter and thence through pas- 
sages in the front support plate to lubricate the intermediate 
drive gears for the magneto, distributor, governor, and counter- 
balance. As the oil flows through the upper cam reduction 
gear shaft, it lubricates the various parts of the upper cam 
reduction and spark advance gear assembly through a series of 
drilled holes. 

When the oil reaches the rear end of the upper cam reduction 
gear shaft, it is carried through a passage in the front main 
crankcase. This provides lubrication for the valve timing and 
operating mechanism for the front row of cylinders, the front 
cam, the lower cam reduction gear, and the front oil scavenge 
and booster pump intermediate drive gear. Lubrication of the 
valve timing and operating mechanism for the front row of 
cylinders is as described for the rear row of cylinders in the 
discussion of the first branch. 

In the fifth branch, oil from the annulus in the inside di- 
ameter of the crankshaft oil transfer bearing is carried through 
a transfer pipe which runs from the bearing to a boss in the 
right side of the front accessory case. The oil then proceeds 
through passages in the case to the magneto drive gear, the dis- 
tributor drive and intermediate drive gears, and the governor. 
From the governor, the oil is led through passages in the front 
accessory and front cases and through an oil transfer pipe to 
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the propeller shaft. Here it is carried forward for use in the 
operation of a hydromatic propeller. 

In the sixth branch, oil from the annulus in the inside di- 
ameter of the crankshaft oil transfer bearing is carried through 
a second oil transfer pipe. This pipe runs from the bearing to 
a boss adjacent to the oil scavenge and booster pump in the 
front accessory case. The oil then flows through a short pas- 
sage in the front accessory case to the booster section of the 
pump. 

From the booster, the oil is carried to the booster pump relief 
valve in the front end plate of the pump and also through pas- 
sages in the front accessory and front cases to the front end of 
the torque-indicator master pinion. When the booster pump 
pressure exceeds 200 p.s.i., the relief valve bypasses oil to the 
intake side of the booster pump. 

After acting on the master pinion, the oil passes through a 
drilled passage in the front case to a large annulus around the 
thrust bearing liner seat. From this annulus, it is distributed 
to the remaining five torque-indicator pistons and to the 
torque-indicator oil pressure transfer cover. 

In the seventh branch, oil from the annulus in the inside 
diameter of the crankshaft oil transfer bearing is carried 
through a third oil transfer pipe. This pipe runs from the 
bearing to a boss in the left side of the front accessory case. 
The oil then passes through a short passage in the front acces- 
sory case to the spark advance operating unit selector valve. 

The position of the selector valve determines where the oil 
shall go from this point. If the valve is in the normal ad- 
vance position, the oil passes through a passage in the front 
accessory housing and is carried through an oil transfer pipe 
and short passages in the front support plate to the outer side 
of the spark advance piston. If the selector valve is in cruis- 
ing advance position, the oil passes through a similar line to 
the inner side of the spark advance piston. 

The scavenge oil system contains a two-section main scav- 
enge pump located in the right rear face of the rear case. The 
drain oil from the power section and the intermediate rear sec- 
tion is collected in the main sump which is attached to the rear 
main crankcase and blower case between the No. 9 and No. 11 
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cylinders. This sump is scavenged by the main section of the 
main scavenge pump through passages in the intermediate 
rear and rear cases. A scavenge oil strainer is located in the 
right passage in the bottom of the intermediate rear case. 

The drain oil in the rear section collects at the bottom of 
the rear case. This drain oil is scavenged through a cored 
passage, containing a removable strainer, by the small section 
of the main oil scavenge pump. Both sections of the main oil 
scavenge pump discharge into the oil outlet passage of this 
pump. 

The front cam compartment drain oil is scavenged through 
a connecting pipe by the top scavenge section of the oil scav- 
enge and booster pump. Drain oil from the front accessories 
and the reduction gearing collects at the bottom of the front 
accessory case and is removed by the middle scavenge section 
of the pump. 

The bottom scavenge section of the pump collects the rocker 
box drain oil through an external line which is connected to the 
rocker box drain oil manifold. This manifold is attached to 
the No. 10 cylinder, and collects the oil through a series of 
inter-cylinder rubber hose connections. 

The oil from the three scavenge sections of the front oil 
scavenge and booster pump is forced through an external line 
connected with cored passages in the blower and intermediate 
rear cases. These, in turn, connect through an internal pipe 
to the passage at the discharge side of the main scavenge pump. 

IGNITION SYSTEM 

Ignition is furnished by a dual magneto and two distributors 
separately mounted on the front accessory housing. The mag- 
neto has two breakers, each of which controls current to one 
distributor. The left distributor supplies current to the rear 
spark plugs in all cylinders, while the right distributor supplies 
the front spark plugs. The two distributors and the ignition 
harness (cast-filled type) form a completely shielded unit to 
carry the current to the spark plugs. Each distributor in- 
corporates an air pump, and is provided with a steel piping 
system to pressurize the magneto and the distributors. 
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CARBURETOR AND FUEL FEED VALVE 

The injection-type carburetor with which these engines are 
equipped, meters fuel in proportion to the mass air-flow to the 
engine. This mass air-flow is determined by the throttle open- 
ing. After being metered to the carburetor, the fuel is carried 
through the fuel transfer pipe to the fuel feed valve in the 
intermediate rear case. 

The fuel feed valve opening is controlled by the suction of 
the boost venturi acting on the outboard side of the fuel feed 
valve diaphragm through a small bleed line, and by metered 
fuel pressure from the carburetor acting on the inboard side of 
the diaphragm. A spring on the outboard side of the dia- 
phragm acts to oppose these forces and holds the valve on its 
seat until the metered fuel pressure is between 3 and 5 p.s.i. 

The fuel is discharged from the fuel feed valve at the blower 
throat. There it is mixed with the air, vaporized by the im- 
peller, passed through the diffuser to the blower rim, and then 
distributed to the cylinders through the intake pipes and inlet 
valves. 

COMBAT POWER 

Some models of the R-2800 engines are equipped for war 
emergency power. This is obtained by means of a water in- 
jection system developed to permit the engines to be operated 
safely on currently prescribed military fuels at powers higher 
than present military power ratings. This extra power is 
gained by leaning the fuel-air mixture to best power mixture 
strength and by operating at a higher manifold pressure. To 
prevent detonation, water is injected to cool the intake charge 
from the engine supercharger and to retard the speed of the 
flame travel in the combustion chamber. It is assumed that 
this emergency-approved power rating will be used only in 
combat emergency as needed for attack or evasive action. 

PROPELLERS 

R-2800 engines are equipped with hydromatic propellers. 
By the addition of special propeller control parts at the thrust 
bearing cover plate, the engines may be readily adapted for the 
use of electrically operated propellers. 
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QUIZ 

1. What is the propeller reduction gear ratio? What type of reduction 
gearing is used? 

2. What is the purpose of the torque-indicating system? 

3. Where is the automatic spark advance operating unit mounted? 

4. Where is the spark advance piston housed? 

5. Where is the governor drive gear mounted? 

6. How is the crankshaft constructed? 

7. In what cylinders are the master rods located? 

8. What type valve cams are used in this engine? 

9. How many branches does the high-pressure oil system have? 
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CHAPTER 8 



WRIGHT CYCLONE (R-3350) ENGINE 

The Wright R-3350 engines are 18-cylinder, twin-row radial, 
air-cooled powerplants operating in the four-stroke cycle. A 
two-speed centrifugal type supercharger is employed. 

Model R-3350-8 and R-3350-24W engines are basically the 
same in construction and design. However, a few differences 
between these models affect the installation, operation, and 
servicing of the engines. Three views of the R-3350-24W en- 
gine are shown in figures 63, 64, and 65. 

CRANKCASE 

The crankcase of the R-3350 engine is composed of the 
crankcase front section front half, front section rear half, and 
front main section, and the supercharger front housing, rear 
housing, and rear housing cover. 

The CRANKCASE FRONT SECTION FRONT HALF (SCC fig. 66) Sup- 
ports the propeller shaft thrust bearings, thrust nut, and oil 
seal at the propeller end. The propeller governor oil-transfer 
sleeve and the stationary reduction gear support are located in 
the rear diaphragm of this crankcase section. 
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The CRANKCASE FRONT SECTION REAR HALF (fig. 66) sup- 
ports the torquemeter booster pump, the left- and right-hand 
ignition distributors, the front oil pump, and the ignition har- 
ness. Bosses are cast integral with the inside of the rear half 
of the front section. These bosses provide support for the in- 
termediate distributor drive gears, intermediate torquemeter 
booster pump drive gear, intermediate front oil pump drive 
gear, and the front oil pump drive shafts. 

Early production models or the R-3350-8 engine incorporate 
a front oil pump with both pressure and scavenge cartridges. 
Late model R-3350-8 and R-3350-24W engines have a non- 
cartridge-type front oil pump with scavenge pump gears only. 

Machined pads are provided in this section to attach the 
front oil pump at the bottom, the torquemeter booster pump 
adapter at the top, and the distributor drive shaft gear sup- 
ports on the right and left sides. The valve tappet guide 
bosses for the front-row cylinders are arranged in two stag- 
gered rows around the rear circumference of the front section 
rear half. On the model R-3350-8 engine, the torquemeter 
pressure pad and torquemeter oil pressure spark advance pad 
are located, respectively, 45 degrees left and right from the 
top of the front section rear half. These units are located in 
the same relative positions on the front section front half on 
model R-3350-24W engines. 

The three crankcase main sections (fig. 67) are parted in 
planes at the center of the front and rear rows of cylinders, and 
are bolted together with internal lugs between the cylinders. 

The crankcase front main section supports the front main 
roller bearing and the front intermediate cam drive gear and 
pinion support. The crankcase center main section supports 
the center main roller bearing. The crankcase rear main 
section supports the rear main roller bearing and the rear 
intermediate cam drive gear and pinion support. Model 
R-3350-24W engines have oil jet manifolds of cast construc- 
tion bolted to the interior of the center main section. 

The parting surfaces between the crankcase center main 
section and the front and rear main sections are sealed with 
oil seal rings. 
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The supercharger front housing (see fig. 68) supports the 
diffuser plate and the valve tappet guides for the rear-row 
cylinders. Triangular bosses for attaching the nine Siamese 
intake pipes and pads for nine engine-mounting brackets are 
evenly spaced on the outer diameter of the housing. The in- 
take pipe flanges are attached to the supercharger front hous- 
ing with three capscrews. Four studs on each engine mount- 




1. Oil seal ring. 

2. Engine mounting bracket substituting cover. 

3. Supercharger front housing. 

4. Engine hoist eye. 

5. Heater connection transfer plug. 

6. Heater connection bushing and substituting plug. 

7. Rear valve tappet annulus pressure oil line tube packing gland, nut, 

and tube. 

8. Oil drain connection. 



Figure 68. — Supercharger front housing. 
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ing pad are used to secure the mounting brackets to the 
housing. 

The supercharger front housing is fastened to the crankcase 
rear main section with capscrews. The joint is sealed by two 
seal rings, one on each side of the tappet annulus. Studs lo- 
cated at the rear bolting flange are utilized to attach the super- 
charger rear housing to the supercharger front housing. 

Two through-holes in the lower portion of the supercharger 
front housing are provided for the two external lines connect- 
ing the front and rear oil pumps. 




1. Diffuser plate. 

2. Impeller shroud plate. 

3. Impeller shroud plate to supercharger rear housing outer shim. 

4. Impeller shroud plate to supercharger rear housing inner shim. 

5. Breather tube. 

Figure 69. — Supercharger diffuser plat* and impeller shroud plat*. 

The supercharger rear housing (fig. 70) provides surfaces for 
the following components: 

Impeller shroud plate on the front face of the housing. 
Impeller drive stationary gear support. 
Rear impeller shaft oil seal sleeve. 
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1. Supercharger rear cover. 

2. Oil pump and lower center accessory drive gear bu 

3. Right and left generator drive gear bushing. 
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6. Magneto drive gear bushings. 
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9. Accessory drive Rear and impeller drive primary pinion carrier sup- 



10. Starter coupling thrust ring support. 

11. Starter adapter. 

12. Starter substituting cover. 

13. Upper right and left accessory substituting cover (used at right 



14. Right and left 
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Impeller thrust ring support on the rear wall of the 
housing. 

Fuel pump and tachometer drive shafts support and rear 

oil pump at the bottom of the housing. 
A fuel pump and tachometer drive housing on the right * 
side and a fuel pump drive housing on the left side. 
Two circular pads on either side of the housing provide a 
means for attaching fuel injection pumps. A breather connec- 
tion pad is located just forward of each injection pad. 

A down-draft carburetor is mounted on the pad at the top 
of the housing, which has an integral induction passage to 
the impeller. The supercharger drain and return valve is 
located at the bottom of the induction passage. 

The supercharger drain and return valve is designed to re- 
turn excess liquid fuel into the impeller under various pressure 
conditions encountered while the engine is in operation. This 
valve also provides a means of draining excess liquid fuel from 
the supercharger when the engine is idle. 

The supercharger rear housing cover (fig. 71) has a bear- 
ing in its inner diameter which serves as an oil transfer ring 
and as a support for the impeller drive pinion carrier support 
and bushing assembly. 

Provision is made for mounting the following accessories on 
the rear cover at the designated locations: 
Magneto at top center. 

Hydraulic and vacuum pumps a top left and right. 
Generators at lower left and right. 
Spare accessory at lower center. 
Starter in the center. 
Bosses on the front face of the cover support the driving and 
idler gears of these accessories. 

Model R-3350-24W engines are equipped with a special rear 
cover adapter for mounting a manifold pressure regulator and 
water injection control unit. 

TORQUEMETER BOOSTER PUMP AND PRO- 
PELLER GOVERNOR DRIVE 

The oil supply to the torquemeter cell is obtained from a 
gear- type booster pump installed on the top center of the 
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crankcase front section rear half. The torquemeter pump is 
driven by bevel gears and spur gears from the top intermediate 
cam drive gear. 

Internal splines in the torquemeter booster pump driving 
« gear shaft provide a drive for a constant-speed propeller gov- 
ernor. The torquemeter booster pump upper housing is pro- 
vided with the proper oil holes for use with either a hydrauli- 
cally or electrically controlled propeller governor. On model 
R-3350-24W engines, the torquemeter booster pump is integral 
with the governor drive. Oil passages supply oil for operation 
of either a single- or double-acting hydraulic propeller. 

DISTRIBUTOR DRIVES 

The two bevel distributor intermediate drive gears are se- 
cured to two of the front section accessory drive gears by four 
capscrews in each gear. A spring wire clip retains the dis- 
tributor drive gear shaft in the distributor drive gear support 
bushing. Internal splines in the distributor drive gear shaft 
receive the distributor drive shaft splines. 

CRANKCASE BREATHING 

Breathing is effected in the crankcase sections through holes 
in the diaphragms of the sections and a series of hollow pins. 
Breathing is also accomplished through the external oil lines 
to the rear sump and into the rear section. 

Pressure is equalized between the supercharger front hous- 
ing and rear housing by means of an external tube from the 
front housing to the connection on the right fuel injection pump 
substituting cover. Two stand-pipes are located in the bottom 
of the supercharger rear housing to transmit air from the rear 
housing to the breather passage around the front of the super- 
charger rear housing. Air passes from this passage through 
one of the breather connections located in front of the fuel 
injection substituting covers. 

PROPELLER SHAFT 

The propeller shaft has involute splines (size AN 60) ma- 
chined on its forward end. It has external threads located 
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near the center for the thrust-bearing nut. The area imme- 
diately behind the thrust-bearing retaining nut thread provides 
a journal for the propeller shaft thrust roller and ball bear- 
ings. A flange at the rear end of the shaft provides means for 
attaching the reduction gear pinion carrier. A propeller con- 
trol oil supply adapter is shrunk into the flanged end of the 
'shaft. 

Twenty reduction gear pinions are supported on the pinion 
carrier trunnions. 

PROPELLER REDUCTION GEARING AND TORQUEMETER 

Propeller reduction gear systems with crankshaft-propeller 
shaft speed ratios of either 16:7 or 16:9 may be used in these 
engine models. Both systems are of the planetary type but 
differ in construction. Figure 72 is an exploded view of the 
torquemeter mechanism and 16:7 ratio gearing. 

The internal-torquemeter mechanism incorporates the sta- 
tionary reduction gear and torquemeter support, stationary 
gear adapter, and torquemeter piston. Steel rollers are held in 
position by a roller cage and are seated in the conical pockets 
formed between the stationary reduction gear and torque- 
meter support and the stationary reduction gear adapter. The 
torquemeter oil cell is formed between the rear face of the 
stationary reduction gear adapter and the front face of the 
torquemeter piston. 

CRANKSHAFT 

The three sections of the two-row, split-clamp type crank- 
shaft are hollow throughout their length, as illustrated in 
figure 73. 

The three roller-type main bearings support the crankshaft 
in the crankcase front, center, and rear sections. 

Splines are machined on the crankshaft front section for 
the reduction-drive gear, front cam drive gear, front balance- 
weight drive pinion carrier, and front balanceweight sleeve. 
The front main bearing journal is located behind the machined 
splines. 
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1. Front main bearing. 

2. Crankcheek clamp screw and washer. 

3. Crankshaft front section. 

4. Center main bearing. 

5. Crankpin plug. 

6. Crankshaft center section. 

7. Center bearing support. 

8. Center section oil retainer. 

9. Rear counterweight assembly. 

10. Crankshaft rear section. 

11. Counterweight stop. 

12. Accessory drive and starter shaft coupling. 

13. Rear main bearing 

14. Oil retainer bolt. 

15. Front counterweight assembly. 



Figure 73. — Crankshaft, medal R-3350-24W engines. 



A movable, bronze counterweight is attached to the front 
crank cheek to dampen torsional vibrations. 

The two crankpins of the center section are carburized to 
increase resistance to wear. The center of this section is 
equipped with two oil retainers and is also provided with a 
journal for the center main bearing. 
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The crankshaft rear section provides a journal for the main 
bearing, supports the rear cam drive gear and the rear second- 
order balancer sleeve, and is splined on the inner diameter to 
receive the accessory drive shaft and starter shaft coupling. 

A movable, bronze counterweight is attached to the rear 
crank cheek to dampen torsional vibrations. 

The front, center, and rear main bearings are roller bear- 
ings. A roller bearing located directly behind the thrust nut 
provides radial support for the propeller shaft. The thrust 
ball bearing is located behind the roller bearing in the steel 
retainer which is shrunk in the inner diameter of the crankcase 
front section front half. 

Two master rods, machined to incorporate end seal-type oil 
seals, are used — one for each row of cylinders. The bore at 
the crankpin end is designed for a plain bearing of the loose, 
prefit type. Eight articulated rods are attached to each 
master rod by means of loose-fitting steel alloy knuckle pins. 
These pins are retained by a steel locking plate that splines 
to the master rod bearing. 

CAM AND SECOND ORDER VIBRATION BALANCERS 

The poppet valve system used in this engine requires two 
ring- type cams. Separate intake and exhaust roller tracks, four 
lobes On each track, are machined on each cam. The front 
and rear cams on the model R-3350-8 engines have a 40° over- 
lap. On model R-3350-24W engines, the front cam has an 
overlap of 70°, and the rear cam an overlap of 90°. 

There are two second-order vibration balancer mechan- 
isms incorporated in this engine. Each of these mechanisms 
consists basically of a balanceweight, a stationary gear, a 
pinion carrier with six pinions, and a balanceweight sleeve. 
One-half of the concentric type balanceweight is solid, with 
teeth machined on its front face. 

Figure 74 is an exploded view of the rear cam, cam drive, 
and second-order vibration balancer mechanism. 

VALVE MECHANISM 

Each cam follower roller revolves on a floating bronze bush- 
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ing supported in the tappet by a steel pin. The tappet guides 
are secured in the rear half of the crankcase front section for 
the front row of cylinders and in the supercharger front 
section for the rear row of cylinders. The valve tappet assem- 
blies can be removed individually without removing the sup- 
porting section. The steel push rod ball sockets are spring- 
seated in the tappets. The push rods, made of seamless steel 
tubing with pressed-in steel ball-ends, actuate the rocker arms. 

The rocker arms have an adjustable screw socket at the 
push rod end and a roller-type contact at the valve tip end. 
The rocker arm is supported on a steel bolt through a combina- 
tion ball and roller bearing. 

The intake valves are of the tulip type with a solid stem. 
The exhaust valves are filled with a solution of sodium and 
mercury for improved cooling. Two springs are used concen- 
trically on each valve to assure positive closing. A slight dif- 
ference in valve face and seat angles provides a tight seal. 
Two tapered steel valve locks retain each valve on the upper 
valve spring washer. Model R-3350-24W engines use flat- 
head exhaust valves and hour-glass intake valve locks. 

CYLINDERS AND PISTONS 

The cylinder heads have closely spaced cooling fins, intake 
and exhaust valve rocker boxes, and intake and exhaust valve 
ports. The intake and exhaust valve seats are shrunk into the 
cylinder heads. The valve guides are located opposite each 
other and are inclined toward the centerline of the cylinder. 
There are two spark plug inserts in each cylinder head. 
Threaded steel inserts and studs provide for baffle attachment. 
Each rocker box has six studs for attaching the rocker box 
covers. 

The exhaust port flanges of the front-row cylinder heads 
each have four studs for fastening the shrouded exhaust ex- 
tensions. The exhaust port flanges of the rear-row cylinder 
heads each have four studs for fastening the exhaust collector 
manifold. The front-row cylinder heads have triangular pads 
for attaching the front intake pipes. A beaded steel sleeve 
connects the Siamese intake pipes to the rear-row cylinders by 
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1. Piston pin and plugs. 

2. Piston and rings. 

3. Cylinder. 

4. Push rod housing connection. 

5. Rocker lubricating tube. 

6. Rocker arm hub bolt bushing. 

7. Valve spring outer lower washer. 

8. Exhaust rocker box cover. 

9. Exhaust valve oil seal spacer 

retainer, oil seal rings, and 
spacer. 

10. Exhaust valve guide and re- 
tainer sleeve. 



11. Intake valve guide. 

12. Intake rocker box cover. 

13. Spark plug insert. 

14. Exhaust pipe and flange. 

15. Exhaust pipe support bracket 

and cowl substituting spacer. 

16. Intake pipe seal, sleeve, and 

clamp. 

17. Intake pipe flange, sleeve, and 

packing. 

18. Rear cylinder dual intake pipe. 

19. Front cylinder intake pipe. 



Figure 75. — Front-row cylinder, intake pipe, exhaust pipe, and piston. 



means of hoses and clamps. The intake port is located on the 
right rear side of the front-row cylinder heads, and on the left 
rear side of the rear-row cylinder heads. Exploded views of 
front-row and rear-row cylinders are shown in figures 75 
and 76. 

The cylinder heads of model R-3350-24W and late model 
R-3350-8 engines incorporate two-piece, self-aligning exhaust 
valve seats. The valve seat assembly consists of a steel valve 
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seat and an aluminum-bronze retaining ring. The crossover 
tubes are attached to the front of the rocker boxes on both 
rows of cylinders. 




1. Intake rocker box cover. 

2. Valve spring outer lower washer. 

3. Intake valve guide. 

4. Rocker arm hub bolt bushing. 

5. Cylinder. 

6. Intake pipe hose connection. 

7. Piston and rings. 

8. Piston pin plugs. 

9. Piston pin and plug. 
10. Spark plug insert. 



11. Exhaust valve guide and 

tainer sleeve. 

12. Exhaust valve oil seal spacer 

retainer, oil seal rings, and 
spacers. 

13. Exhaust rocker box cover. 

14. Rocker lubricating tube connec- 

tion fitting. 

15. Rocker lubricating tube. 



Flour* 76. — R«ar-row cylinder and piston. 
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The cylinder barrels have integral mounting flanges at the 
crankcase end, and buttress-type threads at the outer end onto 
which the heads are screwed and shrunk. The inside of each 
cylinder barrel is nitrided, and incorporates a slight choke at 
the head end of the bore. The outside of the barrel is grooved 
for installing fabricated cooling fins. Twenty capscrews at- 
tach the hold-down flange of each cylinder to the crankcase 
main section. Two special stud extension head screws are 
provided for attachment of a fire extinguisher bracket at 
each cylinder location. Model R-3350-24W and late model 
R-3350-8 engines have an additional hold-down capscrew in 
each cylinder. 

The pistons are the full-trunk type, with recesses in the 
head for intake and exhaust valve clearance. 

The piston pins are full -floating. One type of pin is re- 
tained in the piston by two plug-type retainers. An early-type 
pin is retained by two coiled wire retainers which fit into 
grooves at the outer end of the pin bores in the piston. 

Six ring grooves are provided for the "uniflow"-type piston 
ring assembly — five ring grooves above the piston pin and one 
ring groove below. The top three grooves retain wedge-type 
compression rings. The fourth and fifth ring grooves are 
drilled for oil drainage and have flat-type oil control rings. 
The ring groove below the piston pin also accommodates a flat- 
type oil control ring. The rings above the piston pin scrape 
down, and the ring below the piston pin scrapes up. 

CYLINDER AIR DEFLECTORS 

The cylinder barrel and head deflectors are of the close- 
fitting type, and are held in place by capscrews and clamps 
located around the cylinder barrels. The head deflectors are 
designed to form a continuous cowl seal ring around the engine. 
The front- and rear-row cylinder head deflectors on the model 
R-3350-24W engines are recessed to house high-tension ig- 
nition coils. 

ACCESSORY DRIVES 

The two generator drives are located on the lower left and 
right positions of the supercharger rear housing cover. The 
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starter drive is located in the center of the cover. The three 
drives turn clockwise. 

Two hydraulic or vacuum pumps are located on the upper 
right and left positions of the supercharger rear housing cover. 
Both drives turn counterclockwise. 

A spare accessory drive is located at the lower center of the 
supercharger rear housing cover, and turns clockwise. 

All of the drives on the supercharger rear housing cover — 
except the starter drive — are sealed with kinetic diaphragm- 
type oil seals. These consist of a molded rubber collar pressed 
against the drive shaft by a circular cantilever spring. 

The fuel pump drive is located on the lower left side, and the 
dual tachometer drive and alternate fuel pump on the lower 
right side of the supercharger rear housing. Both units receive 
their drive from a bevel gear which is splined to the spare 
accessory drive gear. The fuel pump drive turns counter- 
clockwise. One tachometer drive turns clockwise and the 
other turns counterclockwise. 

The magneto drive is located on top center of the super- 
charger rear housing cover. 

OIL PUMPS AND SUMPS 

Early model R-3350-8 engines have two combination pres- 
sure and scavenge oil pump and sump assemblies, one at the 
front and one at the rear of the engine. Model R-3350-24W 
engines, and late model R-3350-8 engines, have the pressure oil 
pump located in the rear of the engine, and a scavenge pump 
in the nose section. 

The front oil pump and sump assembly on model R-3350-8 
engines has two sets of scavenge and one set of pressure gears, 
all of the spur gear type. These gears are assembled in car- 
tridge housings. This oil pump and sump assembly is attached 
to the crankcase front section rear half. 

The front pump and sump assembly also incorporates a 
strainer, screen, pressure relief valve, two oil thermometer 
bushings and substituting plugs, magnetic drain plug, and 
check valve substituting plug. 

The external oil inlet line attached to this assembly leads to 
the rear pump and sump assembly. 
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Crankcase front section accessory drive 
gear. 

2. Drive intermediate 



and 



3. Drive idler gear. 

4. Drive shaft intermediate 

bushing. 

5. Front oil pump and sump upper body. 

6. Drive shaft driven gear and bushing. 

7. Drive shaft gear and bushing. 

8. Drive shaft retaining circlet and upper 

bushing. 



9. Suction gear retaining plate. 

10. Suction driven, gear and shaft. 

11. Drive shafts and gears. 

12. Drive shaft lower bushings. 

13. Oil pressure control valve body, valve, 

spring, spring seat, and cap. 

14. Strainer. 

15. Magnetic drain plug. 

16. Front oil pump and sump lower body. 



Figure 78. — Front ell pump and tump assembly on model R-3350-24W and 

lale model R-3350-8 engines. , 
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Figure 7 
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1. Gear housing cover. 

2. Drive gear. 

3. Pressure gear housing and en< 

4. Drive gear bushing. 

5. Drive gear shaft. 

6. Drive gear. 

7. Intermediate driven shaft get 

8. Drive coupling gear. 

9. Oil pump intermediate and a< 

10. Suction gear housing and end 

11. Driven gear shaft. 

12. Driven gear. 

13. Driven gear oil seal. 

14. Oil seal sleeve. 

15. Oil check valve substituting j 

16. Oil check valve spring and re' 

17. Supercharger clutch oil contr< 
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On model R-3350-24W and late model R-3350-8 engines, 
there is an external pressure oil line to the front pump for feed- 
ing the nose section (fig. 78) . The front pump for these en- 
gines is of the noncartridge type and contains two sets of scav- 
enge gears and a pressure restrictor valve. 

The REAR OIL PUMP AND SUMP ASSEMBLY has tWO Sets of 

scavenge gears and one set of pressure gears, also of the spur 
gear type. They are assembled in a cartridge housing. The 
rear oil pump and sump assembly in R-3350-24W and late 
model R-3350-8 engines has two sets of scavenge gears and two 
sets of pressure gears (fig. 79). The pressure gears are as- 
sembled in a cartridge housing located in the left side of the 
pump, and the scavenge gears in a similar housing located in 
the right side of the pump. 

The rear oil pump and sump assembly also incorporates an 
oil strainer, screen, pressure relief valve, two magnetic drain 
plugs, check valve, and four oil-thermometer connection bush- 
ings and substituting plugs. 

The rear assembly is attached to the supercharger rear 
housing. 

LUBRICATION 

The lubrication system is of the full pressure, dry sump 
type. On model R-3350-8 engines, all moving parts except 
the following are lubricated by oil under pressure: piston 
rings and pins, cylinder walls, crankshaft main bearings, pro- 
peller shaft roller and ball bearings, and the valve-operating 
mechanism for the intake valve on cylinders below the hori- 
zontal centerline of the engine. These parts are lubricated by 
splash or by gravity feed. 

On model R-3350-24W engines, all moving parts are lubri- 
cated by oil under pressure except the piston rings and pins and 
cylinder walls (lubricated by oil from two pressure-jet mani- 
folds), and the crankshaft main bearings and propeller shaft 
roller and ball bearings (lubricated by splash and by gravity 
feed) . 

On early model R-3350-8 engines, oil enters the oil inlet 
connection on the rear oil pump. From that point, the oil 
takes two paths. Part flows through the connection and into 
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Figure 80. — Removing rear oil pump and sump assembly. 



the external oil inlet line to the front oil pump. The rest of 
the oil is pumped by the pressure gears into the oil strainer. 
A portion of the oil is led from the strainer through a dowel 
into a passage in the supercharger rear housing, from whence 
oil flows through an external line and a passage in the super- 
charger front housing to the rear valve tappet annulus. 

From this annulus, oil flows through a series of drilled pas- 
sages to the valve tappet assemblies and push rods for all 
cylinders above the horizontal centerline of the engine. A 
tube from the annulus carries oil to the rear cam and cam drive 
pinion bearings. 

Some of the oil travels through the strainer in the rear oil 
pump, bypasses the pressure relief valve, and flows through a 
large drilled passage in the pump housing. Two small pas- 
sages branch off from the large passage. One passage carries 
oil to lubricate the rear oil pump drive shaft bushings. The 
other passage carries oil to a small hole in the flange of the 
pump. 

Oil flows through this hole to a passage in the tachometer 
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and fuel pump drive shaft support to lubricate the tachometer, 
fuel pump, and spare accessory drive gear bushing. From the 
annulus around this bushing, oil flows through the hollow shafts 
to lubricate the outer bushings. 

On model R-3350-24W and late model R-3350-8 engines, oil 
enters the inlet connection to the rear oil pump, and flows 
through the pressure gear housing to a passage which leads to 
the two rear strainer assemblies. From these assemblies, the 
oil takes two paths. One path leads from the left strainer and 
through the external oil inlet line to the front oil pump. The 
other path leads from the right strainer through the pressure 
relief valve to a drilled passage in the pump housing. 

The oil branches into three paths from this passage. One 
path leads to the left side of the pump, from which the oil 
flows through a hollow dowel in the pump flange into a passage 
in the supercharger rear housing. From this point, oil flows 
through an external tube to another passage in the super- 
charger front housing which leads to the rear valve tappet 
annulus. 

Nine drilled holes lead from the annulus to the rear-row ex- 
haust tappet assemblies, from which oil passes through the 
push rods to the exhaust rocker box, and through the rocker 
crossover tube to the intake rocker box. 

On model R-3350-24W engines, oil also flows from the rear 
tappet annulus through a jet in the oil distributing ring trans- 
fer tube to the rear oil distributing ring. Nine jets in this ring 
spray oil out to the rear cylinders. Another oil tube from the 
rear valve tappet annulus directs oil to the rear cam and cam 
drive pinion bearings. 

The second path from the drilled passage in the pump hous- 
ing leads through a small hole in the flange of the pump to a 
passage in the tachometer and fuel pump drive shaft support. 
From this point, the tachometer, fuel pump, and spare acces- 
sory drive gear bushing are lubricated. From the annulus 
around this bushing, oil flows to the tachometer and fuel pump 
drive shaft bushing and to the alternate fuel pump drive shaft 
inner bushing. From there it passes through the hollow shafts 
to the outer bushings. 

The third and major path from the rear oil pump passage 
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directs oil through the oil transfer tube into a large passage in 
the supercharger rear housing cover. A small passage leads 
to the lower center spare accessory drive bushing. The large 
passage continues through the cover and forms a Y. A por- 
tion of the oil passes through a metering jet to a large annulus 
in the center of the cover. Oil flows from this annulus through 
drilled passages to all the remaining accessory drive gear and 
idler gear bushings. 

The other sections of the Y leads through the passage in the 
rear cover to an annulus in the accessory drive gear and pinion 
carrier support bushing. From here the oil passes to the an- 
nulus formed by the accessory drive gear and pinion carrier 
rear and front bushings. From this annulus, oil flows through 
radially drilled passages in the center of the support to lubri- 
cate the pinion carrier trunnions and bushings. 

Oil enters the hollow center of the accessory drive and starter 
shaft through four holes near the rear end of the shaft. A 
drilled passage leading to an oil flat permits lubrication of the 
impeller shaft rear bushing. Drilled holes at the front end of 
the accessory drive and starter shaft permit lubrication of the 
impeller shaft front bushing. 

Oil flows past the bushing into the space between the acces- 
sory drive and starter shaft and impeller shaft. Two drilled 
holes in the impeller shaft allow this oil to flow through the 
shaft to four holes in the impeller thrust spacer, where it lubri- 
cates the bearing surface between the spacer and the impeller 
shaft thrust ring. 

Oil continues forward through the accessory drive and 
starter shaft to the inside of the rear crankshaft. A passage is 
drilled from the inside of the crankshaft to an annulus on the 
outer surface which mates with an annulus on the inner sur- 
face of the rear balanceweight sleeve. Six drilled passages 
conduct oil from the annulus to the outside of the balance- 
weight sleeve. Six additional holes are drilled through the 
front of the sleeve so that oil may flow to the clearance between 
the inside of the front of the sleeve and the outside of the rear 
came drive gear. 

Six other holes in the sleeve lead to holes in the balance- 
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weight pinion carrier bushing. Six radially drilled passages in 
the carrier supply oil to lubricate the balanceweight pinion 
buttons and bushings. 

Another passage leads through the crankshaft rear section, 
crankshaft center section, and the rear crankpin plug to the 
rear hollow crankpin. On model R-3350-8 engines, oil flows 
through the clearance between the inner surface of the crank- 
pin and the outer surface of the plug to an annulus on the 
plug's outer surface. This annulus serves as reservoir for oil 
which is sprayed through an oil jet in the rear crankpin to lubri- 
cate the cylinder walls, piston pins, and crankshaft bearings. 

Three tubes in the rear crankpin conduct oil to the outside 
surface of the crankpin for lubrication of the master rod bear- 
ing. Oil passes along the bearing to the oil seal, to the knuckle 
pin locking plate, through drilled holes in the knuckle pin lock 
screws, to the hollow center of the knuckle pins. From here, 
oil flows to two flats on the outer surface of the pins to lubricate 
the connecting rod bushing. Additional lubrication of the 
cylinder walls, piston pins, and crankshaft bearings is provided 
by splash from the master rod and knuckle pin bearing. Oil 
continues forward through the crankshaft into the front master 
rod bearing, knuckle pins, cylinder wall piston pins, and crank- 
shaft bearings in the same manner as described for the rear. 

Oil flows out of the front crankpin plug through two holes in 
the crankshaft front section into the hollow center of the crank- 
shaft front section. Two drilled holes carry oil from the 
crankshaft front section through four holes at the front of the 
front balanceweight sleeve. Holes in the balanceweight pinion 
carrier bushing and six radially-drilled passages in the carrier 
lead the oil to the balanceweight pinion buttons and bushings. 
Eight drilled holes in the rear of the balanceweight sleeve carry 
oil to lubricate the front balanceweight. 

On model R-3350-8 engines, oil flows out the front end of 
the crankshaft front section to the space between the crank- 
shaft and the propeller control oil-supply adapter. Oil flows 
through six holes in the front of the adapter into the hollow 
propeller shaft and an additional six holes lead to the propeller 
control oil-supply front support. Oil also flows through 27 
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passages in the propeller control oil-supply adapter into the 
space between the adapter and the propeller shaft. Oil is also 
supplied to this space from the front oil pump. 

On early model R-3350-8 engines, oil enters the front oil 
pump from the external oil inlet line, passes the pressure gears 
of the pump, and goes on to the oil filter. Most of the oil flows 
from the pump through a drilled passage in the crankcase front 
section to a large horizontal passage across the bottom of the 
housing. From this large passage (on all model R-3350-8 en- 
gines), two passages in the crankcase front section rear half 
diaphragm carry oil up to the space between the diaphragm 
and the stationary gear support. 

Three holes in the propeller shaft lead to the space between 
the shaft and the propeller control oil-supply adapter. Oil 
flows from this space through six radially-drilled passages in 
the propeller shaft flange to an annulus on the reduction gear 
pinion carrier. From here, oil passes through 20 radially- 
drilled holes' in the carrier to lubricate the reduction gear 
pinion bushing./ 

Oil is also carried from the horizontal passage in the bottom 
of the crankcase front section rear half through a drilled pas- 
sage to the front tappet annulus. It flows from this annulus 
through a series of drilled holes to lubricate the valve tappet 
assemblies and push rods of all cylinders above the horizontal 
centerline of the engine and all exhaust valves of the cylinders 
below the horizontal centerline of the engine. 

Oil also flows from the front tappet annulus through drilled 
passages to lubricate the following components: crankcase 
front section accessory drive idler gear bushings, governor and 
torquemeter booster pump drive gear, two distributor drive 
gears, and the front oil pump drive gear. Two oil passages 
lead from the tappet annulus to the governor and torquemeter 
booster pumps. 

A tube carries oil from the front tappet annulus to lubricate 
the front cam and cam drive pinion bearings. High-pressure 
oil returning from the governor pump flows through a passage 
in the crankcase front section rear half to an indexing passage 
drilled down through the diaphragm in the crankcase front 
section front half, 
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The high-pressure oil passes through eight holes in the 
crankcase front section oil seal sleeve, 16 holes in the propeller 
shaft oil sleeve, an annulus around the outside surface of the 
propeller control oil-supply adapter, and three passages in the 
adapter to the propeller control oil-supply tube to come to the 
piston which actuates the propeller mechanism if a hydromatic 
propeller is used. 

On model R-3350-24W engines, oil flows out the front end 
of the crankshaft and passes through five holes in the propeller 
control oil-supply adapter. Ten holes leading from the five 
holes in the adapter carry oil to the space between the adapter 
and the inside surface of the propeller. Six holes in the pro- 
peller shaft flange carry oil to an annulus on the reduction gear 
pinion carrier. From here it passes through 20 radially-drilled 
holes in the carrier to lubricate the reduction gear pinion 
bushings. 

On model R-3350-24W engines and late R-3350-8 engines, 
oil flows into the left side of the front oil pump inlet connection 
through the external oil line from the rear oil pump. It passes 
through a passage along the left side of the pump lower body 
and through the oil pressure control valve. 

Oil flows from the pressure control valve through a hole 
located in the front center of the pump upper body and into the 
horizontal passage across the bottom of the crankcase front 
section rear half. Two passages leading from the horizontal 
passage carry oil through the crankcase front section front half 
to the space between the crankcase front section front half 
diaphragm and the stationary reduction gear and torquemeter 
support. 

Flow of oil continues through two holes in the propeller shaft 
to the space between the inside surface of the propeller shaft 
and the outside surface of the propeller control oil-supply 
adapter. 

Another passage leads from the horizontal passage, across 
the bottom of the crankcase front section rear half, to the front 
tappet annulus. Nine drilled holes from the front valve tappet 
annulus carry oil to the front-row exhaust tappet assemblies, 
through the push rods to the exhaust rocker boxes, and through 
the rocker crossover tubes to the intake rocker boxes. 
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On model R-3350-24W engines, oil flows from the front 
tappet annulus through a jet in the front crankcaae main sec- 
tion oil distributing ring transfer tube and into the front oil 
distributing ring. Nine jets in this ring spray oil out to the 
front-row cylinders. 

Drilled passages also carry oil from the front tappet annulus 
to lubricate the crankcase front section accessory drive gear 
uushings, the governor and torquemeter booster pump drive 
gear, the two distributing gears, and the front oil pump drive 
gear. Two oil passages lead from the front tappet annulus 
to the governor and torquemeter booster pumps. A tube 
carries oil from the front tappet annulus to lubricate the front 
cam and cam drive pinion bearings. 

High-pressure oil returning from the governor pump flows 
through two passages in the crankcase front section rear half 
to two indexing passages drilled through the diaphragm in the 
crankcase front section front half. 

Oil from the center passage flows to an annulus on the inside 
surface of the diaphragm. From there it passes through 24 
holes in the crankcase front section diaphragm oil seal sleeve, 
24 holes in the propeller shaft oil seal sleeve, two holes in the 
propeller shaft, and 10 passages in the propeller control oil- 
supply adapter to the center of the propeller control oil-supply 
tube. 

Oil from the passage to the left of the center flows to the 
annulus on the inside of the diaphragm. From this point, it 
travels through 24 holes in the crankcase front . section dia- 
phragm oil seal sleeve, 24 holes in the propeller shaft oil seal 
sleeve, two holes in the propeller shaft, and 10 passages in the 
propeller control oil-supply adapter to the space between the 
inside surface of the propeller shaft and the outside surface of 
the propeller control oil-return sleeve. 

Oil flows from the torquemeter booster pump to a passage in 
the crankcase front section rear half which mates with a pas- 
sage in the crankcase front section front half. This passage 
runs through the diaphragm in the crankcase front section 
front half to an annulus around the front face of the stationary 
reduction gear and torquemeter support. Oil from the annulus 
passes through 25 holes in the support and 25 holes in the 
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v v 

1. Left distributor. 6. Front cylinder coil assembly. 

2. Ignition cable manifold to dis- 7. Rear cylinder coil assembly. 

tributor lead. 8. Magneto to ignition cable mani- 

3. Ignition cable manifold. fold main primary lead. 

4. Low tension lead to coil. 9. Right distributor. 

5. High tension lead to spark plug. 

Figure 81. — Ignition cable assembly, distributors, coils, and spark plugs on 

model R-3350-24W engine. 

torqucmcter piston to the cell between the torquemeter piston 
and the stationary gear adapter. 

All return oil flows to the oil outlet connection on the rear 
oil purnp. The oil from the crankcase front section front and 
rear halves and most of the oil from the crankcase front main 
section drains into the front sump through drilled or cored pas- 
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sages and hollow pins. It is pumped to the oil-out connection 
on the rear pump through an external oil line by two sets of 
scavenge gears. 

Some of the oil from the crankcase front main section, and 
the oil from the crankcase center and rear main sections, drains 
through two connections on the bottom of the crankcase center 
main section into an external tube which carries it to the super- 
charger front housing. 

On early model R-3350-8 engines, oil from the supercharger 
rear housing drains, along with the oil from the crankcase main 
section, through the oil sump drain connection into the lower 
portion of the rear sump. All return oil in the supercharger 
rear housing drains into the upper portion of the rear sump. 

On model R-3350-24W and late model R-3350-8 engines, the 
supercharger front housing, crankcase main section, and the 
supercharger rear housing all drain into the same location in 
the sump. 

Oil from the supercharger front housing and crankcase center 
main section drains through the oil sump drain connection, 
while oil from the supercharger rear housing drains through the 
top of the sump housing. The return oil is pumped by two 
sets of scavenge gears to the oil-out connection on the rear 
pump, and from this connection to an external tank. 

IGNITION 

The low-tension, high-altitude ignition system consists of the 
following components: 

A magneto delivering only low-tension current impulses. 
A main conduit, which is part of the ignition harness as- 
sembly, carrying primary current from the magneto to two 
distributors. 

A harness to conduct the current to the nine induction 
coils on model R-3350-8 engines, and to 18 induction coils 
on model R-3350-24W engines. 

Thirty-six high-tension leads which transmit high- 
tension current from the induction coils to the spark< plugs. 
Model R-3350-8 engines are equipped with Scintilla DLN-7 
magnetos (fig. 83), while model R-3350-24W engines use 
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Scintilla DLN-9 magnetos (fig. 82). These magneto as- 
semblies consist essentially of a housing, two rotating magnets, 
four primary coils, and a junction box. The two four-pole, 
rotating magnets are mounted on the same shaft between two 
ball bearings. 




Figur. 82.— Scintilla DLN-9 magneto used on model R-3350-24W engines. 

Since the poles of one magnet are staggered in relation to the 
poles of the other magnet, there are eight consecutive current 
impulses per revolution of the magneto shaft. The magneto 
turns one and one-eighth times the engine crankshaft speed to 
make nine dual primary impulses for each revolution of the 
engine crankshaft. 

From each of the four primary coils there is a lead to the 
junction box mounted on the rear of the magneto. There are 
three connections on the junction box — one to the booster coil, 
one to the ignition switch of the airplane, and one for the main 
conduit. 

In the harness assembly, the main conduit contains the 
four main primary wires and two booster wires. These wires 
pass from the main conduit into the harness manifold. Two 
primary wires pass through the distributor head. The left and 
right distributor heads are part of the harness assembly. 

The breaker assemblies are located in the bodies of the two 
identical distributors. These assemblies are actuated by two 
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nine-lobe compensated cams keyed to the distributor shafts 
between two ball bearings. The right distributor fires the 
front plugs in each cylinder, and the left distributor fires the 
rear plugs. 

Induction coils and high-tension leads complete the sys- 
tem. Eighteen primary wires from each distributor lead to the 
harness manifold and are carried — four through each of the 
nine secondary leads — to the nine induction coils mounted be- 
tween the front-row cylinder heads on model R-3350-8 engines, 
and to the 18 secondary coils on model R-3350-24W engines. 




Figure 83. — Scintilla DLN-7 magneto used on modal R-3350-8 engines. 

The current is transformed at the induction coils from low 
voltage, and transmitted to the spark plugs through high- 
tension leads. Four high-tension leads from each coil carry 
current to the spark plugs of a front-row cylinder and a rear- 
row cylinder on R-3350-8 engines. On model R-3350-24W 
engines, two high-tension leads from each coil carry current to 
the front and rear spark plugs in the cylinders on which the 
coil is mounted. 

FUEL INDUCTION 

The conventional-type carburetor is used in these engines. 
Fuel is metered under pressure into the supercharger inlet and 
the fuel-air mixture is delivered through the induction sys- 
tem to the cylinders. Figure 84 shows the Stromberg PR58Q2 
carburetor used on the model R-3350-24W engine. 

168 



1. Carburetor air inlet screen. 

2. Automatic mixture control unit. 

3. Electric primer. 

4. Fuel inlet connection substi- 

tuting cover. 

5. Fuel pressure gage connection 

plug. 



6. Fuel tube. 

7. Idle mixture adjustment. 

8. Idle speed adjustment. 

9. Throttle shaft. 

10. Manual mixture control lever. 

11. Derichment tube substituting 

plug. 



Figure 84. — Stromberg PR58Q2 carburetor used en 
model R-3350-24W engines. 

WATER INJECTION POWER CONTROL SYSTEM 

A water injection and manifold absolute pressure regulator 
system is provided on the model R-3350-24W engine. This 
system furnishes combat power in low- and high-supercharger 
drive ratios in excess of the power available without water in- 
jection. Combat power is obtained by over-boosting the en- 
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gine to a point where severe detonation would be encountered. 
This detonation is suppressed by the injection of water directly 
into the supercharger inlet passage. 

QUIZ 

1. Where are the valve guide tappet bosses for the front row of cylinders 
located? Where is the magneto mounted? 

2. What is the source of the oil supply for the torquemeter cell? 

3. What is the size of the spline machined on the forward end of the pro- 
peller shaft? 

4. Briefly describe the crankshaft. 

5. How are torsional vibrations in the crankshaft dampened? 

6. Briefly describe the piston. 

7. Where are the hydraulic or vacuum pump drives located? In what 
direction do the drives turn? 

8. What type lubrication system is used on these engines? 

A. What parts make up the low-tension, high-altitude ignition system? 
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CHAPTER 9 

i 

PRATT & WHITNEY (R-4360) ENGINE 

Models R-4360-2, -2A, -4, -4A, -18, -27, -35, and -35A en- 
gines, manufactured for the Navy by Pratt & Whitney, are 
four-row radial, air-cooled powerplants. (See fig. 85.) From 
front to rear, the five major sections of the engine case are the 
propeller shaft case, the magneto drive case, the crankcase, the 
blower case, and the accessory drive case. 

The 28 cylinders in this engine are helically arranged around 
the crankcase in four rows of seven cylinder banks. The five- 
section crankcase houses a five-cam system and supports a 
one-piece crankshaft incorporating four crankpins. 

Ignition is furnished by seven magnetos whose timing is con- 
trolled by a two-position spark advance system. In our dis- 
cussion, we will use the model R-4360-4 and R-4360-27 en- 
gines for the purpose of general description. Figure 87 shows 
a cutaway view of the engine. 

PROPELLER SHAFT CASE SECTION 

The propeller shaft case supports the propeller shaft and 
its thrust bearing, the propeller governor and front oil pump 
drives, and the front oil pump. Bosses with bearings for sup- 
porting two gun drives project internally from each side of 
the case. 
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The propeller shaft, which incorporates a 60A spline at its 
front end for mounting the propeller, supports an oil transfer 
bearing and the reduction drive pinion cage. The rear end 
of the shaft is supported by two steel-backed bronze bearings 
in the front end of the crankshaft. The main body of the 
shaft is supported by the thrust bearing. 

The bore of the propeller shaft is separated into two com- 
partments by a propeller shaft plug. Oil from the rear com- 
partment lubricates the reduction gearing, and boosted oil is 
directed into the front compartment. 




Figure 86. — Cylinder arrangement and firing order. 



The 16 pinions of the 0.425 reduction drive and the 11 pin- 
ions of the 0.381 reduction drive are of the spur planetary 
type. Each pinion rotates around a steel race which is slotted 
to engage the pinion shaft dowel pin, thereby preventing the 
race from spinning. The ends of each pinion shaft are sup- 
ported by the pinion shaft front and rear supports. 
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The pinion cage consists of the pinion shaft front and rear 
supports. The front support is pressed onto the propeller shaft 
rear splines and locked in place by a spanner nut. The rear 
support is secured to the rear ends of the pinion shafts. The 
front accessory drive gear (a' bevel ring gear attached to the 
front of the front support) drives the propeller governor and 
front oil pump drive gears. 

The propeller governor drive gear is supported by a 
flanged bushing in each end of a boss projecting internally 
from the upper part of the case. End movement of the gear is 
limited by a snap ring in the groove at the outer end of the 
gear shaft. The propeller governor drive gear is driven by 
the front accessory drive gear. 

The front oil pump extension shaft rotates within its sup- 
port which is attached to studs in the bottom inside wall of the 
case. The front oil pump drive gear is splined to the inner 
end of the extension shaft, and is driven by the front acces- 
sory drive gear. The outer end of the extension shaft is 
coupled to the fronts oil pump drive shaft. 

The front oil pump housing consists of four sections bolted 
together to form three scavenge chambers. The pump is 
mounted in the bottom of the propeller shaft case section. 
The housing supports the oil pump drive shaft and the idler 
shaft. 

The three gears which are keyed to the drive shaft mesh 
with the three gears mounted on the idler shaft. The top idler 
gear is pinned to its shaft. Each pair of gears operates within 
one of the scavenge chambers of the pump. The top chamber 
scavenges oil from the propeller shaft case and magneto drive 
case sections; the center chamber scavenges oil from the front 
rocker box sump; and the bottom chamber scavenges oil from 
the front cam compartment. 

The PROPELLER SHAFT OIL TRANSFER BEARING, which floats On 

the propeller shaft, is held in position by the two governor oil 
transfer pipes. The rear pipe is rigidly supported by one of 
the internally projecting bosses of the case. Engine high- 
pressure oil is boosted by a dual-action governor and then 
transmitted through the two transfer pipes and the transfer 
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bearing into the propeller shaft and thence to the propeller, 
where it is used for hydromatic propeller control. 

The propeller shaft thrust bearing is a ball bearing with 
a split inner race. The outer race of the bearing is seated in 
the propeller shaft case liner. The thrust bearing cover re- 
tains the outer race of the bearing against the rear flange of 
the liner, while the thrust bearing nut retains the inner race 
against a spacer which is seated against a shoulder on the 
propeller shaft. 

The thrust bearing nut carries two oil seal rings which con- 
tact the liner in the thrust bearing cover. The thrust bearing 
cover spacer is installed between the thrust bearing cover and 
the outer race of the bearing. An oil slinger is held between 
the thrust bearing nut and the bearing inner race. The bear- 
ing supports the front of the propeller shaft and transmits pro- 
peller thrust from the shaft to the case. 



MAGNETO DRIVE CASE SECTION 

The magneto drive case is mounted on the front crankcase. 
Arranged radially around the outside of the case are seven 




Figure 88. — Ignition manifold and cable assembly. 
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pads for mounting the magnetos. The drive shafts of the 
magnetos are supported in the web of the case. The magneto 
drive case houses the propeller shaft reduction gears and the 
spark advance system. The helical splines in the wall of the 
magneto drive case engage a fixed gear equipped with torque- 
meter pistons. The case is provided with pads for mounting 
a torquemeter transmitter and a torquemeter booster pump. 

The propeller shaft reduction gear train is constructed 
as follows: 

The reduction drive gear is splined to the reduction drive 
gear coupling, and locked in place by two snap rings. The 
coupling, in turn, is splined to the front end of the crankshaft. 
In those engines not provided with torquemeters, the fixed gear 
is attached by its flange to the front rim of the magneto drive 
case web. In engines provided with torquemeters, the fixed 
gear engages the helical splines in the wall of the magneto 
drive case. 

The reduction drive pinions are driven by the reduction drive 
gear. As they rotate within the fixed gears, they turn the 
pinion supports and hence the propeller shaft at 0.425 times 
or 0.381 times the crankshaft speed, depending upon the en- 
gine model. 

The crankshaft oil transfer bearing, which is lined with 
babbitt, floats on the reduction drive gear couplings. The 
chromium-plated end of a boss, integral with the top of the 
bearing, fits into an elbow which is attached to the front face 
of the magneto drive case web, thus limiting any movement of 
the floating bearing. 

A telescoping pipe, consisting of an inner pipe and an outer 
pipe mounted on opposite ends of a small spring, is installed 
between the elbow and the pipe boss on the transfer bearing. 
Oil flows into the elbow through a hole in the web of the mag- 
neto drive case and then passes through the telescoping pipe 
and into the oil transfer bearing. 

The oil then flows through holes in the coupling, crankshaft, 
and propeller shaft into the bore of the propeller shaft where 
it joins the oil conducted to the propeller shaft by the crank- 
shaft. This maintains sufficient oil pressure in the front of 
the engine. 
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The magneto drive pinion cage, which is 8plined to the 
front end of the crankshaft just behind the reduction drive gear 
coupling, supports the six magneto drive compound pinions. 
The front and larger gear of each compound pinion meshes with 
the spark advance gear, while the smaller gear of each com- 
pound pinion drives the spur teeth of the magneto intermediate 
drive gear. 

The four spabk advance cylinders, each housing a spring- 
loaded piston, are numbered right to left from 1 to 4. Special 
oil transfer studs secure the pairs of cylinders to the rear face 
of the magneto drive case web. The spark advance gear, 
which regulates the timing of the magneto drive system, has 
two arms, each of which is attached to a pair of pistons by two 
piston links. Adjustable stops control the outward travel of 
each piston. 

When no pressure oil is in the cylinders (as is the case be- 
fore the engine is started) , the spark advance gear will be in 
the starting (5°) spark advance position. After the engine 
starts, high-pressure oil from the annular groove behind the 
flange of the reduction drive fixed gear is diverted to the No. 1 
and No. 4 cylinders through their oil transfer studs. The pres- 
sure oil, counteracting the spring pressure, forces the pistons 
to turn the spark advance gear to the normal (20°) spark 
advance position. 

The No. 2 and No. 3 cylinders may be utilized to obtain still 
another spark advance position. There is, however, no re- 
quirement for an additional spark advance position in these 
engines, and there is no provision for actuating the pistons in 
the No. 2 and No. 3 spark advance cylinders. 

The torquemeter booster pump is a small, gear-type pump 
mounted on the rear face of the magneto drive case web. It is 
driven by a shaft and splined coupling which takes its power 
from the top front cam reduction gear. The pump boosts 
engine oil pressure for operation of the torquemeter. 

In the torquemeter gearing, diagonally cut splines in the 
magneto drive case engage similar splines on the reduction 
drive fixed gear so that engine driving torque produces a com- 
ponent thrust toward the rear on the fixed gear. To counter- 
act this thrust there are 40 small pistons placed in holes in the 
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rear face of the gear. The piston heads rest o.n a steel ring 
attached to the case. 

Engine oil, under high pressure from the booster pump, is 
admitted to the pistons through drilled passages in the fixed 
gear. The operation of the master piston decreases the oil 
flow when the fixed gear moves toward the front, and increases 
it when the fixed gear moves toward the rear. Thus, the fixed 
gear is balanced between the thrust component of the engine 
torque and the thrust .caused by the oil pressure on the pistons. 

The piston oil pressure — which is directly proportional to 
the engine driving torque — is transferred to the inner side of 
the transmitter diaphragm. A low viscosity oil is used be- 
tween the outer side of the diaphragm and the cockpit pressure 
gage. The gage provides a direct indication of the propeller 
driving torque. 

The torquemeter transmitter is a diaphragm contained 
between a cover and the magneto drive case. It prevents the 
engine oil from mixing with the low viscosity oil used in the 
torquemeter pressure gage line, thus preventing congealing in 
the line with resultant sluggish operation of the pressure gage. 

CRANKCASE SECTION 

The five sections of the crankcase are identified as the front, 
front intermediate, center, rear intermediate, and rear crank- 
case. Each section supports one journal of the crankshaft 
and a part of the valve-actuating mechanism. 

Four crankcase oil pumps scavenge oil from the front inter- 
mediate, center, rear intermediate, and rear cam compartments 
and transmit it toward the rear through pipes and drilled 
passages in the lower part of the crankcase. Each of the 
pumps is mounted on the front wall of one of these compart- 
ments. 

The 56 valve tappet guides are supported in the holes pro- 
vided for them in the crankcase. The front and rear crank- 
cases each support seven radially positioned guides, while the 
center crankcase and front and rear intermediate crankcases 
each support 14 radially positioned guides. Each guide houses 
and provides a bearing surface for a valve tappet. A cam 
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roller is secured to the inner end of each tappet by a silver- 
plated roller pin. 

Each of the five tappet oil manifolds consists of a series of 
pipes and connections joined together to form a circuit. The 
pipes of each manifold fit snugly in the connections which are 
attached by special oil transfer screws to the tappet guide 
bosses and a feeding oil passage. Part of the pressure oil 
which passes forward through drilled passages and transfer 
pipes in the upper part of the crankcase- enters each manifold 
through the feeding oil passage. This oil is transmitted to the 
rocker boxes through. the valve tappets and push rods. 

CAM DRIVES 

Each of the five identical cams has an internal gear and two 
external tracks. Each track has three lobes. The cam rollers 
are attached to the valve tappets, and contact the cam tracks. 
The rollers and tappets are actuated by the cam track lobes. 

The two retainers for each cam are located diametrically 
opposite each other on the front face of the cam bearings, and 
are secured by the bolts which secure the cam bearings and the 
crankshaft bearing support retainers. The retainers for the 
front intermediate, center, and rear intermediate cams have a 
cutout for clearing the cam reduction pistons and a slot for 
engaging the front ends of the crankshaft bearing support 
spacer. These slots function jointly with the slots in the 
crankshaft bearing support retainers to prevent rotation of 
the supports. 

Each cam is driven by two cam reduction gear and pinion 
assemblies at one-sixth the speed of — and opposite in direction 
to — the crankshaft. Each of the 10 cam reduction gears is 
splined to the shaft of its pinion, which is supported by two 
leaded bearings. 

The bearings for the front and rear pinions are located in the 
front and rear crankcase webs, while those for the front inter- 
mediate, center, and rear intermediate pinions are located in 
the corresponding crankshaft bearing supports. Except for 
the lower rear cam reduction gear, each lower cam reduction 
gear drives a crankcase oil pump. 
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The rear cam drive gear is a one-piece gear splined to the 
accessory drive shaft coupling and held in place by a spanner 
nut which is secured by a spring-loaded screw. The remaining 
four cam drive gears are of two-piece construction, split along 
the centerline of diametrically opposite tooth spaces, and at- 
tached directly to the crankshaft by screws and bolts. Each 
of the cam drive gears drives two cam reduction gears. 

CRANKSHAFT 

The one-piece crankshaft is dynamically balanced, and has 
four crankpins and five supporting bearing journals. The cen- 
ter journal has flanged ends which locate the crankshaft ax- 
ially. Each crankpin is angularly positioned 192f° clockwise 
around the longitudinal axis of the shaft with reference to the 
crankpin behind it. 

The hollow crankshaft is fitted with plugs and pipes which 
conduct pressure oil to the master rod and crankshaft bearings. 
Nozzle-type oil slingers and small drilled holes adjacent to the 
crankpins provide oil squirts for improved cylinder wall lubri- 
cation. The accessory drive shaft coupling is splined to the 
rear end of the crankshaft and anchored to the crankshaft 
rear plug. 

The crankshaft is equipped with two large counterweights, 
one suspended from the crankshaft front cheek and one from 
the rear cheek. In addition, two small fixed counterweights 
are bolted to the crankshaft. 

The crankshaft is supported at each of its bearing journals 
by a prefitted, steel-backed, leaded silver bearing. The front 
and rear bearings are of one-piece construction, and are located 
in the small bores of the corresponding crankcase sections. 
The front end of the front bearings supports the magneto inter- 
mediate drive gear. 

The front intermediate, center, and rear intermediate crank- 
shaft bearings are of two-piece construction. The flanged 
center bearing transmits thrust from the crankshaft to its 
center bearing support. Each split bearing is held together by 
a similarly split crankshaft bearing support. The halves of 
the latter are bolted together by studs and serrated locknuts. 
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Four master and link rod assemblies — each basically con- 
sisting of a master rod and six link rods — drive the crankshaft. 
Each of the four master rods and master rod bearings are of the 
split type. Each bearing, prefitted and keyed to its master 
rod, is a steel-backed, leaded silver bearing. The component 
parts of each master rod assembly — the master rod and cap — 
are bolted together around the corresponding crankpin. Silver- 
plated shims are provided between the parting faces of the 
master rod and its cap to prevent galling. 

Each link rod is of the l-section type. A bronze bushing 
in the larger, or piston, end of the rod accommodates the piston 
pin. The smaller end of each link rod is attached to the 
master rod by a knuckle pin. Two link rods are anchored to 
each master rod and four are anchored to its cap. 

The knuckle pins are classified as fully intersected, partially 
intersected, and non-intersected types, according to the extent 
or absence of the cutouts providing clearance for the master 
rod bolts. 

CYLINDERS 

An aluminum muff in which barrel cooling fins have been 
machined, and an aluminum head with integral braced cooling 
fins, are shrunk onto each of the 28 identical cylinder barrels. 
(See fig. 89.) 

Each cylinder is secured by 16 studs to the corresponding 
cylinder mounting pad on the crankcase. Two integral valve 
rocker boxes are diametrically opposed in the top of each head. 
The rocker box covers are secured by washers and self-locking 
nuts to their studs in the rocker boxes. Each rocker box is 
equipped with a push rod cover nut adapter. 

The exhaust pipe coupling in the exhaust port of each cylin- 
der is equipped with a steel liner and four studs for securing 
the exhaust pipe. The intake port is located between the 
rocker boxes and has four studs for intake manifold attach- 
ment. 

The spark plug openings, located in the left and right sides 
of each' cylinder head, have stainless steel helicoil spark plug 
inserts. 

in 




Figure 89. — Sectional view of cylinder. 



A bronze inlet valve seat, a steel exhaust valve seat, and 
two bronze valve guides are installed in each cylinder head. 

VALVE MECHANISM 

The tubular push rods are enclosed in single-piece tubular 
covers which are secured to the tappet guides and the adapters 
in the rocker boxes. The push rods and covers connected to 
the inlet rocker boxes are slightly shorter than those connected 
to the exhaust rocker boxes. 

Each valve rocker is supported on its rocker shaft by the 
bronze bearing in its bore and by a removable steel sleeve 
which fits around the shaft. The solid steel rocker shaft, ex- 
tending through the rocker box, is supported at each end by a 
flanged steel bushing and is secured by a nut. A valve- 
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clearance adjusting screw and locknut are located in the valve 
of each rocker. 

Each cylinder has an inlet and an exhaust valve. The 
solid inlet valve is the smaller of the two. The exhaust valve 
is partially filled with sodium for improved cooling, and has a 
stellite seating surface to prolong its life. Each valve is seated 
by the action of two concentric springs which operate between 
two washers. The upper washer is secured to the valve stem 
by conical locks. 

PISTONS 

Each of the 28 pistons has a domed head with a clearance 
cut-out for the valve. The internal surfaces of the piston have 
integral cooling fins. 

Cast iron piston rings with butt-type gaps are installed in 
the five grooves in the piston skirt. The rings in the three top 
grooves are wedge-shaped compression rings. The two bottom 
grooves have oil drain holes. Two oil control rings are in- 
stalled in the fourth ring groove, while the bottom groove has 
an oil scraper ring. 

A full-floating piston pin anchors each piston to its link rod. 
Dural plugs in the hollow steel pin limit the axial movement of 
the pin through contact with the cylinder barrel bore. 

ROCKER SUMPS 

• 

All of the lower rocker boxes drain through interconnecting 
external pipes into two rocker sumps. The front sump is at- 
tached to the leading edge and main deflectors between D3 
and D4 cylinders. It is scavenged by the center chamber of 
the front oil pump. 

The rear sump is attached directly to A5 cylinder inlet 
rocker box in place of a rocker box cover, and is scavenged by 
the smaller scavenge chamber of the rear oil pump. A re- 
movable basin in the rocker box end of the rear sump provides 
a pool of oil for A5 inlet valve guide lubrication. 

CYLINDER DEFLECTORS 

The pressure-type deflectors are so arranged that each of the 
seven cylinder banks is cooled by a separate unit. Each unit 
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has four outlets, one for each cylinder of its bank, and each 
cylinder has two tight-fitting side plates. Top plates almost 
completely enclose the cooling system. 

BLOWER CASE SECTION 

The blower case is attached to the rear of the crankcase by 
the outer of two concentric rings of studs in the front of the 
blower case. The hydraulic coupling support is secured to 
the inner ring of studs. 

The hydraulic coupling compartment houses the impeller 
drive which consists of the hydraulic spring drive gear, two 
high-ratio and two low-ratio hydraulic couplings, and the im- 
peller drive gear. The drive gear is splined to the front end 
of the impeller shaft. Figure 90 is an exploded view of the 
hydraulic coupling. 




Figure 90.— Exploded view of hydraulic coupling. 



The compartment is vented to the accessory drive case by 
two external breather lines equipped with oil tank vent con- 
nections. Three baffle screens, which line the bottom of the 
hydraulic coupling compartment, act as air separators for the 
coupling oil so that the oil drains more readily to the sump. 

Fourteen bosses, grouped in pairs by the outlet ports, are 
integrally forged on the outside diameter of the case. Each 
boss has two inserts. The machined faces of these bosses 
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provide the pads to which the engine mounting brackets are 
secured. 

The impeller compartment, located to the rear of the blower 
case web, houses the diffuser and the impeller. 

The hydraulic coupling support secures the front ends of 
the hydraulic coupling shafts, and supports an oil manifold, an 
oil pump, and an oil check valve. Drilled passages in the sup- 
port conduct oil from the high-pressure oil passage in the upper 
right of the blower case to the hydraulic coupling shafts for 
lubrication of the hydraulic coupling bearing surfaces. A 
spring-loaded oil pressure reducing valve, screwed into the 
blower case, reduces the pressure of the oil diverted to the 
support. 

The hydraulic coupling oil manifold is a brazed assembly of 
curved pipes and circular brackets attached to the front of the 
hydraulic coupling support. It is connected to the high-ratio 
and low-ratio coupling oil passages from the hydraulic coupling 
selector valve, and directs high-pressure oil into the couplings 
through the coupling shafts. The outer pipe receives oil from 
the low-ratio coupling oil inlet bracket and directs it to the 
top and bottom brackets which feed oil to the low-ratio cou- 
pling shafts. 

The inner pipe receives oil from the high-ratio coupling oil 
inlet brackets and directs part of it to the bracket which feeds 
the right side high-ratio coupling shaft. The remainder of the 
oil is diverted through an adapter into the short middle pipe 
which connects with the bracket feeding the left side high-ratio 
coupling shaft. 

The middle pipe increases the distance the oil must travel 
from the inlet bracket to the bracket feeding the left side high- 
ratio coupling shaft. This makes the oil-travel distance from 
the inlet bracket to the high-ratio coupling shaft approxi- 
mately the same for both sides. 

The hydraulic coupling support oil pump drive gear is driven 
by the lower rear cam reduction gear. The front and rear 
chambers of the pump scavenge oil from the hydraulic cou- 
pling compartment. In addition, the pump is the terminus of 
the crankcase scavenge line. Oil discharged by the pump is 
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carried by an external line from the blower case to the rear 
oil pump outlet. 

In the hydraulic coupling support check valve, the bronze 
flapper hinged to the front of the support is a check valve 
which opens to permit oil to flow from the rear to the front 
section of the coupling compartment. The flapper is gravity- 
closed to prevent free crankcase oil from flowing back into the 
rear section of the coupling compartment when the plane is 
in a climb. 

In the hydraulic spring drive gear, the spider is housed 
within the gear and retaining plates, and is splined to the ac- 
cessory drive shaft coupling. The retaining plates are secured 
to each end of the gear by bolts which pass through the holes 
in the gear web. Button-seated springs reduce shock loading 
as they transmit rotational movement from the spider legs to 
the spokes of the gear web. The chambers between the spider 
legs and the gear spokes are filled with high-pressure oil which 
is admitted by check valves in the spider hub. This dampens 
torsional vibration. 

Each of the four hydraulic coupling shafts is stationary. 
Each is supported at the ends by flanged bushings in the web 
of the blower case. The front end of each coupling shaft is 
secured in the coupling support by a lockscrew. The two low- 
ratio couplings are supported by the top and bottom coupling 
shafts, and the two high-ratio couplings are supported by the 
left and right coupling shafts. 

The hydraulic spring drive gear drives the four coupling 
pinions. Each of the four hydraulic coupling impellers is 
splined to the rear end of its pinion shaft. Each of the four 
hydraulic coupling runners, mounted between the hydraulic 
coupling impeller and cover, is equipped with a steel-backed 
bronze bearing and turns on the shaft of the pinion. The hy- 
draulic coupling is secured to the impeller casing. 

The hydraulic coupling gear is splined to the front end of 
the runner. When the runner of each coupling is hydraulically 
engaged by its impeller, the coupling gear drives the super- 
charger impeller drive gear at a speed governed by the volume 
of oil in the coupling. 
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The hydraulic coupling operates in the following manner: 

A sleeve-type valve with leaded silver bearing surfaces 
on the outside diameter and front face is installed on the 
shaft of each low-ratio coupling pinion between the im- 
peller and runner. Bronze friction ring segments which 
contact the bore of the runner are installed in the ring 
groove in the outside diameter of each valve. Pins in the 
bottom of the groove prevent the ring segments from turn- 
ing with respect to the valve. Pins in the hub of the im- 
peller engage slots in the rear face of the valve, thereby 
limiting movement of the valve with respect to the im- 
peller. 

When the speed of the impeller is greater than that of 
the runner, the valve turns with the impeller, causing its 
oil holes to align with the oil holes in the pinion shaft. 
Under this condition, oil flows from the shaft into the 
coupling. The low-ratio runners, which are hydraulically 
engaged by the low-ratio impellers, drive the supercharger 
impeller drive gear at the desired low-ratio speed. 

When the high-pressure oil is directed by the selector 
valve to the high-ratio couplings, the high-ratio runners 
(hydraulically engaged by the high-ratio impellers) drive 
the supercharger impeller drive gear at the desired high- 
ratio speed. This gear drives the low-ratio runners faster 
than the low-ratio impellers. 

Friction between the low-ratio coupling valve and the 
runner causes the valve to turn on the shaft of the pinion 
in the direction of the coupling rotation. When the valve 
turns, its oil holes move out of alignment with the oil holes 
in the shaft of the pinion, thereby shutting off any re- 
maining flow of high-pressure oil into the low-ratio cou- 
pling. This prevents low-ratio coupling operation from 
interfering with high-ratio coupling operation. 

When high-pressure oil is cut off from the high-ratio 
couplings, the speed of the low-ratio runners becomes less 
than the speed of the low-ratio impellers. The friction 
between the low-ratio coupling valve and the runner then 
causes the valve to turn in a direction opposite that of 
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coupling rotation. When the valve turns, the oil holes 
in the valve line up with those in the shaft, and oil again 
enters the low-ratio couplings. 

The supercharger impeller drive gear is splined to the 
front end of the impeller shaft and secured by a spanner nut. 
This gear meshes with the four hydraulic coupling gears. The 
impeller shaft is internally supported on its two steel-backed 
bronze bearings by the accessory drive shaft. 

The impeller drive gear front spacer, the thrust spacer, and 
the impeller shaft front ring carrier are splined to the impeller 
shaft between the drive gear and the impeller. The impeller 
shaft thrust plate, with leaded silver bearing surfaces on its 
front and rear faces, transmits impeller shaft thrust to the 
blower case. The blower case liner, the thrust plate, and the 
dural thrust plate oil baffle are secured to the inserts in the 
hub of the blower case. 

The oil seal rings in the grooves of the impeller shaft front 
ring carrier bear against the liner in the bore of the blower case. 
The space between the two front and three rear rings in the 
carrier is vented by two elbow breathers in the web of the 
blower case just above the liner flange. This is to prevent 
excess seepage of oil into the induction system. 

The impeller is splined to the impeller shaft. The inducer, 
which functions as a supplementary impeller, has integral 
vanes enclosed in an integral hoop. It is splined to the im- 
peller shaft behind the impeller so that its vanes blend with 
those of the impeller. The impeller and inducer are shrunk 
onto the impeller shaft to form a semipermanent, dynamically 
balanced assembly. 

The fuel slinger is splined to the impeller shaft and is seated 
against the rear end of the inducer. Fuel is transmitted from 
the slinger to the impeller varies by drilled passages in the 
inducer and the impeller which connect with the holes in the 
front face of the slinger. 

The diffuser is attached to the web of the blower case and 
directs the fuel-air mixture from the impeller to the annulus 
in the rim of the blower case which has seven outlet ports. 

Attached to each of the seven blower case outlet ports is a 
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sectional intake manifold which carries the fuel and air mix- 
ture to a bank of four cylinders. Each of the four pipe sec- 
tions of each manifold is coupled to its adjacent section by a 
clamped hose and secured by an integral flanged outlet to the 
inlet port of the cylinder which it serves. 

The three bottom intake manifolds serve the No. 3, No. 4, 
and No. 5 cylinder banks, and are provided with automatic 
drain valves for discharging any excess fuel or oil which may 
accumulate while the engine is idle or being started. 

To provide a priming system, a primer line is clamped to 
each of the three top intake manifolds which serve the cylin- 
ders in the No. 7, No. 1, and No. 2 banks. The cone ends of 
the primer-line tubings are connected to jet tees and elbows 
screwed into the intake manifold flange bosses adjacent to the 
inlet ports of the cylinders. The rear ends of the three primer 
lines are connected by union nipples to the distributor outlets. 
The supercharger collector rim is primed from the distributor 
which is attached to the blower case. The distributor inlet 
port is connected to the primer line from the electric primer on 
the carburetor. 

BLOWER CASE SECTION, R -4360-1 8 AND R-4360-35 ENGINES 

The blower case on the models R-4360-18 and R-4360-35 
engines is also attached to the rear of the crankcase and has 
the impeller intermediate drive support secured to it. 

The impeller intermediate drive compartment houses the 
impeller drive which consists of the hydraulic spring drive 
gears, two impeller intermediate drive gears, and the impeller 
drive gear. The drive gear is splined to the front end of the 
impeller shaft. This compartment is vented by two large ex- 
ternal breathers with brass screened ports attached to the upper 
sides of the case. The breathers are connected by cored pas- 
sages to recesses in the web of the blower case. 

Around the outside of the case and between the outlet ports 
are seven pairs of bosses to which the engine mounting brackets 
are secured. 

The impeller compartment, to the rear of the blower case 
web, houses the diffuser and the impeller. 
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The impeller intermediate drive support secures the front 
ends of the impeller intermediate drive gear shafts and sup- 
ports an oil pump and an oil check valve. Drilled passages in 
the support conduct oil to the impeller intermediate drive 
shafts for lubrication of the gears. A spring-loaded oil pres- 
sure reducing valve, screwed into the blower case, reduces the 
pressure of the oil which is diverted to the support from the 
high-pressure oil passage in the upper part of the blower case. 

The blower case oil pump drive gear is driven by the lower 
rear cam reduction gear. The front and rear chambers of the 
pump scavenge oil from the impeller drive compartment. The 
oil discharged by the pump and the oil in the adjoining rear 
end of the crankcase scavenge line is carried by an external 
line from the blower case to the rear oil pump outlet. 

The blower case check valve is a bronze flapper hinged to 
the front of the support which opens to permit oil to flow from 
the rear to the front section of the intermediate drive com- 
partment. The flapper is gravity closed to prevent free crank- 
case oil from flowing into the rear section of the compartment 
when the engine is in climb attitude. 

The hydraulic spring drive gear drives the impeller inter- 
mediate drive gears. A spider is housed within the gear and 
retaining plates, and is splined to the accessory drive shaft 
coupling. The retaining plates are secured to each end of the 
gear. Button-seated springs reduce shock loading as they 
transmit rotational movement from the spider legs to the 
spokes of the gear web. The chambers between the spider legs 
and the gear spokes are filled with high-pressure oil admitted 
by check valves in the spider hub. This oil dampens torsional 
vibration. ' 

Each impeller intermediate drive shaft is supported at its 
front end by the impeller intermediate drive support, and at 
its rear end by a flanged bushing in the web of the blower case. 
Each shaft, in turn, supports an impeller intermediate drive 
consisting of two integral spur gears. The smaller of the two 
gears meshes with the impeller drive gear. 
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INTAKE MANIFOLDS, R-4360-35 AND R-4360-35A ENGINES 

Attached to each of the seven blower case outlet ports is a 
sectional intake manifold which carries the fuel and air mix- 
ture to a bank of four cylinders. Each of the four pipe sec- 
tions of each manifold is coupled to its adjacent section by a 
steel-shielded rubber diaphragm-type coupling, and is secured 
by an integral flanged outlet to the inlet port of the cylinder. 
The A4 and A5 intake manifold pipe sections are each pro- 
vided with a float-type fuel drain valve for discharging any- 
excess fuel or oil which may accumulate while the engine is 
idle or being started. 

PRIMING SYSTEM , R-4360-35 AND R-4360-35 A ENGINES 

The supercharger collector rim is primed by a two-point 
primer system incorporating discharge nozzles in the blower 
case to the left of No. 7 and No. 2 bank intake manifold blower 
connections. The left and right primer lines are clamped to 
the blower case, and are connected to the nozzles by tubing 
fittings. The two primer lines are connected by union nipples 
to the two distributor outlets. The distributor is attached to 
the blower case and receives fuel from the electric primer on 
the carburetor. 

ACCESSORY DRIVE CASE SECTION 

The accessory drive case, which is attached to the studs in 
the rear face of the blower case, supports the main sump as- 
sembly, the rear oil pump, the rear accessories, and the rear 
accessory drives. A cover is attached to the rear of the acces- 
sory drive case. 

An oil pressure reducing valve in the bottom of the case re- 
duces the pressure of the accessory drive lubricating oil before 
it is directed to the various accessory drives by the oil dis- 
tributor secured to the rear face of the case. 

The accessory drive case is vented by two breather outlets. 
It has a flange for mounting an injection-type down-draft 
carburetor. 

The power take-off for the model R-4360-18 engine is 
coaxial with the crankshaft, and is located on the accessory 
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case. This unit is driven through a train of gears at a ratio 
of 3:1 crankshaft speed. 

Fuel is conducted into the fuel feed valve housing through 
a passage in the accessory drive case which connects with the 
external fuel feed pipe from the carburetor. When the pres- 
sure of the fuel exerted outwardly against the valve diaphragm 
is less than the force which is exerted inwardly, the valve 
remains seated against the discharge end of the valve housing, 
thereby shutting off the fuel flow. When the fuel pressure 
exceeds the force of the spring, the diaphragm lifts the valve 
off its seat, and fuel flows to the fuel slinger. An exploded 
view of the fuel feed valve is illustrated in figure 91 . 




Figure 91— Exploded view of fuel feed valve. 



The front end of the accessory drive shaft coupling, and 
the grooved bearing journal at the rear end of the shaft, are 
supported by steel-backed bronze bearings in the bore of the 
accessory drive case. The rear accessory drive gear, which is 
splined to the accessory drive shaft, drives the fuel pump inter- 
mediate drive, the vacuum pump intermediate drive, the gen- 
erator drives, the rear oil pump intermediate drive, and the 
magneto pump intermediate drive. 

The main sump, which collects drain oil from the rear 
crankcase, the blower case, and the accessory drive case sec- 
tions, is mounted on a pad at the bottom of the accessory drive 
case. This pump houses an oil strainer (fig. 92), an oil screen 
assembly, and the supercharger fuel drain valve. 

The oil screen assembly consists of two concentric, cylindri- 
cal oil screens which are installed in the center chamber of the 
sump. This chamber is continuous with a cavity in the sump 
mounting pad into which the oil return check valve is screwed. 
The oil screens are retained within the sump by a cover and oil 
drain plug assembly. 
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Figure 92. — Removing oil strainer. 



The supercharger fuel drain valve is contained within, 
but is functionally independent of, the main sump. This 
valve drains excess fuel which may accumulate in the intake 
duct and the diffuser when the engine is being started. The 
valve closes automatically after the engine starts. 

The fuel pump and magneto pump intermediate drives are 
supported in brackets secured to studs in the upper right and 
left sides, respectively, of the accessory drive case web. The 
inner intermediate drive gears mesh with, and are driven by, 
the rear accessory drive. 

The inner intermediate drive gears arc splincd to the shafts 
of the outer intermediate drive gears which mesh with their 
pertinent drive gear. The fuel pump and magneto pump drive 
gears are splined to the inner ends of the fuel pump and mag- 
neto pump drive shafts. 

The drive shafts are supported at their outer and inner ends 
by bronze bearings. Each shaft has an integral spiral gear 
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which drives a tachometer drive shaft. The internal splines 
in the outer ends of the drive shafts drive the fuel pump and 
the magneto pressurizing pump. 

The two tachometer drive gears — one in the left side and 
one in the right side of the accessory drive case — are driven 
by the spiral gears of the fuel pump and magneto pump drive 
shafts. 

The starter gear meshes with the rear accessory drive gear, 
and is splined to the shaft of the starter jaw. The three-tooth 
starter jaw, which provides for starter engagement, is held in 
a support secured in the right side of the accessory drive case. 

The bottom generator drive gear is held on a bronze bear- 
ing in a support secured in the bottom of the accessory drive 
case, while the side generator drive gears are held in bearing- 
less supports secured in the left side and lower right side of the 
accessory drive case. The gears are driven by the rear acces- 
sory drive gear. The internal splines in the outer end of each 
gear may be used to drive a generator or vacuum pump single 
drive. 

The vacuum pump single drive gearing is housed within a 
gear box which may be mounted on either of the three gen- 
erator drive pads. The vacuum pump single drive gear is 
driven by the smaller gears of three compound pinions. The 
larger gears of the pinions are driven by the vacuum pump 
single intermediate drive adapter gear. The outer end of this 
gear rotates in a bearing pinned into the bore of the drive 
gear. The inner end of the intermediate adapter gear may 
be splined into and driven by either of the three generator 
drive gears. 

The vacuum pump three-way adapter is mounted on the 
lower right side of the accessory drive case. It houses and 
supports side and center drive gears. The two side vacuum 
pump drive gears are driven by the center vacuum pump drive 
gear. This latter drive gear is supported by a bronze bearing 
in the adapter. The outer end of the vacuum pump drive bell 
gear is splined into the center vacuum pump drive gear. 

Each engine equipped with a vacuum pump three-way 
adapter incorporates a vacuum pump intermediate drive gear 
in place of the generator drive gear in the lower right side of 
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the accessory drive case. The bevel gear at the inner end of 
the shaft is driven by the rear accessory drive gear. The spur 
gear at the outer end of the shaft drives the vacuum pump 
drive bell gear. 

The REAR OIL PUMP INTERMEDIATE DRIVE BEVEL GEAR IS driven 

by the accessory drive gear. It is held in a support secured in 
the lower left side of the accessory case. The rear oil pump 
intermediate drive spur gear is splined to the outer end of the 
bevel gear and drives the rear oil pump drive gears. 

The rear oil pump has a single-chamber pressure section 
and a two-chamber scavenge section. It is mounted on the 
lower left side of the accessory drive case. A pressure relief 
valve and an oil screen bypass valve are screwed into the pump 
body. The pump has square mounting pads for the oil inlet 
and outlet connections, a pad above the outlet for the connec- 
tion of the oil line from the blower case, and a fitting for the 
connection of the oil line from the rear rocker box sump. 
Figure 93 shows a sectional view of the rear oil pump. 




Figure 93. — Sectional view of rear oil pump. 
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IGNITION 

The radio-shielded ignition system consists of seven sepa- 
rate Scintilla D4RN-2 magneto units — one complete magneto 
unit for the four cylinders in each of the seven banks. Each 
magneto unit consists of a magneto to which is attached a 
spark plug lead and distributor block harness. Each lead 
harness directs the high-tension impulses generated by its mag- 
neto to the eight spark plugs in the bank of four cylinders just 
behind the magneto. 

Each of the seven magnetos is flange-mounted on one of the 
pads radiating from the magneto drive case, and is of the four- 
pole rotating magnet type. Each magneto has a compensated 
cam with two tracks of four lobes each, two sets of breaker 
points, and a distributor rotor with four jump-gap pickup 
electrodes and two distributing electrodes. With the exception 
of the cams which are timed to the front cylinders of the cor- 
responding banks, all seven magneto units are identical and 
interchangeable. A coupling on the engine end of each mag- 
neto shaft is splined into the outer end of the corresponding 
magneto drive shaft in the magneto drive case. A ratchet 
ring between the coupling and the magneto shaft provides a 
vernier adjustment of the shaft for timing the magneto to the 
engine. 

The distributor block end of each of the seven high-tension 
spark plug lead harnesses is attached to the side of the magneto 
which opens into the distributor rotor compartment. Each 
distributor block carries eight electrodes, one for each of the 
eight spark plugs in the bank. The leads from the electrodes 
to the spark plugs are housed in a metallic conduit filled with 
moisture-proof sealing compound. The rear lead elbow of 
each harness is provided with an integral blast tube. 

The ground wire manifold is the only common connection 
between the seven magneto units. By means of a selector- 
type magneto switch in the instrument panel, the pilot can 
selectively check either the right or left spark plugs fired by 
any one of the seven magnetos. Three booster coils, connected 
to the ground wires from No. 7, No. 1, and No. 2 magnetos, in- 
crease the high-tension voltage for starting the engine at speeds 
below the coming-in speed of the magnetos. 
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The magnetos are pressurized to prevent flashover at high 
altitudes. The rotary vane pump which pressurizes the mag- 
netos is mounted on the upper left side of the accessory drive 
case and is driven by the magneto pump drive shaft. The 
airtight conduits of the ground wire harness carry the pres- 
surized air into the magneto through holes in the ground wire 
connectors. By permitting a predetermined amount of air 
leakage, the altitude valve in each magneto housing maintains 
a delicate balance between the air pressure for flashover pre- 
vention and the air flow for magneto ventilation. 

A schematic view of the electrical and magnetic circuits is 
shown in figure 94. 

MODELS R-4360-2 AND R-4360-4 POWER CONTROL 

The Eclipse Automatic Power Control Unit is attached to a 
pad on the left side of the accessory drive case. This unit is 
essentially a manifold pressure regulator at its present stage 
of development. It requires only one cockpit control, and 
operates and correlates the carburetor throttle with the super- 
charger impeller drive coupling selector valve. 

The automatic power control (as an automatic manifold 
pressure regulator unit) maintains constant manifold pressure 
regardless of change in altitude. An aeroid bellows arrange- 
ment regulates the throttle in conjunction with the super- 
charger impeller speed as required. 



QUIZ 

1. Give a brief description of the Pratt & Whitney major R-4360 engine. 

2. What parts and assemblies are supported by the propeller shaft case? 

3. How many valve tappet guides are there? 

4. Where is the magneto drive case mounted? 

5. What is the function of the spark advance gear? 

6. How are the cams driven, and at what speed? 

7. How is the crankshaft constructed? How many crankpins support 
bearing journals does it have? 
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8. How are the knuckle pins for this engine classified? 

9. Of what material is the seat of the exhaust valve composed? 

10. What banks of cylinders do the three bottom intake manifolds serve? 

11. How are the tachometer drive gears driven? 

12 What type of magnetos are used on this engine? How many? 

13. Why are the magnetos pressurized? 

14. Are the exhaust valves and inlet valves of the same size? Which is 
larger if they are not of the same size? 
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CHAPTER 10 

THE TURBO-JET ENGINE 

You may have wondered why the subject of jet propulsion 
has become so important to modern aviation in view of the 
remarkable advancement in propeller-driven aircraft perform- 
ance in recent years. It is likely that the development has 
come about for the same reason that most important technical 
advances have taken place — existing techniques have been 
unable to meet new aircraft performance requirements. 

Builders of propeller-driven aircraft, ever striving for better 
performance at higher speeds and higher altitudes, were handi- 
capped in their efforts by the lack of compact, lightweight, 
high-powered engines. Although the latest and best recipro- 
cating engines developed more than 2,000 hp. with a specific 
fuel consumption of 0.5 pounds per b.hp., and weighed approxi- 
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matery one pound per b.hp., the demand remained for still 
more powerful units of less weight and reduced frontal area. 

How was this demand to be met? The development of 
existing multicylinder reciprocating engines might be con- 
tinued, or an entirely different type of engine might be sought. 
The first alternative, however, had become excessively compli- 
cated in design and limited in its results. The second method 
was found to be easier and to offer greater potential advan- 
tages. 

The idea of jet propulsion was not new by any means. The 
"equal and opposite" effect of force and reaction was, in fact, 
known to the ancients and embodied in physical laws by Sir 
Isaac Newton nearly 300 years ago. 

Modern metallurgical developments have made possible the 
construction of units that will withstand the high temperatures 
and pressures found in jet engines. Actually, turbo-jet units 
have been easier to design and quicker to produce than the 
conventional engine. Successful bench tests have been made 
. on some engines only six months off the designers' boards, while 
even under the impetus of war it required from 4 to 5 years 
to bring a large reciprocating engine to the fully operational 
stage. 

A turbo-jet unit, quite naturally, has its own peculiar prob- 
lems. It does not, however, suffer the numerous limitations of 
the reciprocating powerplant. In operation, it has virtually 
no out-of-balance forces, and consequently very little vibra- 
tion. Frictional surfaces are limited to a few ball, or roller, 
bearings which can be furnished adequate lubrication without 
the losses involved in oiling the sliding pistons of the conven- 
tional engine. Weight and space occupied are no more than 
one-third to one-half of that required for equivalent recipro- 
cating engines. 

METHODS OF JET PROPULSION 

All aircraft propulsion is accomplished by displacing a mass 
of air to the rear. The 12- to 16-foot propeller on a conven- 
tional reciprocating engine displaces the mass at a relatively 
low velocity. A jet unit projects a column of air about one 
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foot in diameter to the rear at an extremely high velocity — 
actually faster than the speed of sound. In both cases, the 
resulting effect is to propel the aircraft in the forward direction. 

Jet propulsion units may be conveniently grouped into the 
following four main classes: 

Rockets — jet propulsion systems not utilizing atmospheric 
air. 

Ram jet — the continuous thermal duct or athodyd. 
Aeropulse (or pulse jet) — the intermittent impulse duct. 
Turbo-jet — the continuous turbine-compressor unit. 

A number of subdivisions and variations can, of course, be 
made to these four main classes. 

Although correctly included as a form of jet propulsion, the 
rocket differs essentially from the other thermal jet systems 
since it must carry both fuel and the oxygen necessary for com- 
bustion. This is a disadvantage for atmospheric travel, but 
makes it the only means at present conceivable for flight above 
the atmospheric belt. The rocket is, however, a true jet re- 
action unit, and a brief examination of its functions will serve 
to clarify the reaction principle on which all thermal jet units 
operate. 




Figure 95. — Combustion in a closed vessel. 
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If a hydrocarbon fuel and oxygen arc ignited in a closed 
vessel, as illustrated in figure 95. the latent heat of the fuel is 
released and there is a rapid expansion of the resulting gases. 
Because of the fixed volume of the vessel, a rise in temperature 
will take place which will be uniformly distributed in every 
direction. Since the force of the pressure is balanced, there 
will be no tendency for the vessel to move. 



On the other hand, when combustion takes place in a vessel 
with an aperture at one end, the expanding gases will rush out 
of the nozzle at a high velocity, as shown in figure 96. The 
internal pressure at the nozzle end of the vessel is thus relieved, 
leaving an unbalanced pressure at the other end which tends 
to propel the vessel in the direction opposite to that of the 
issuing jet. Obviously, it is dependent solely upon internal 
conditions, and there is no suggestion whatsoever of the jet 
"pushing against" external air. In fact, it would function 
most efficiently in a complete vacuum. This is the basic prin- 
ciple upon which all jets operate. 



Suppose that a plain cylinder with open ends is attached 
longitudinally to an aircraft flying at high speed. Air w r ill 
enter at the forward end of the duct and will emerge as a jet 
at the rear. Nothing will be added to the force of the flow- 




Figure 96. — Principle of jet propulsion. 



THE ATHODYD 
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through the duct and, in fact, some energy will be lost because 
of skin friction and disturbance of flow at the entrance and exit. 

However, if some means of adding heat to the air as it passes 
through the duct is employed, the air will be expanded and the 
velocity of the jet from the tail will be increased. Figure 97 
shows diagrammatically a cylindrical duct heated externally 
by burning oil sprays. Since there is no forward surface 
against which the reaction to the jet can apply, the aircraft 
will not benefit from the unbalanced forces thus created. 

i i 




Figure 97. — Thermal duct with heat added externally to occ a lorate the air flew. 



The amount of heat that can be added is largely dependent 
upon the pressure of the air being treated. A simple method 
of raising the pressure is to pass the air through a divergent 
entry nozzle, as shown in figure 98. An entry nozzle of this 
shape decreases the velocity of the air and, hence, increases the 
pressure. More heat can then be added to the air by burning 
more fuel and thus increasing the velocity of the issuing jet. 

A further advantage can be obtained by forming the exit of 
the duct as a convergent nozzle. This device increases the 
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Figure 98. — A divergent entry noxxla. 



velocity of the jet of air while lowering its unit pressure. 
Figure 99 illustrates the most elementary type of jet propul- 
sion unit. Air compression depends solely upon "ram" effect; 
only a limited amount of heat can be added, and considerable 
heat is lost by radiation. Consequently, the efficiency of this 
type unit is too low for it to be of practical use for the propul- 
sion of aircraft. 




n 

Figure 99. — A convergent discharge neizle increase* the velocity 
of the issuing jet. 
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The next obvious step is to improve the method of adding 
heat. This can best be accomplished through internal com- 
bustion. Figure 100 shows a divergent-convergent duct into 
which fuel is injected and burned so that the heat is released 
directly to the air stream. A slight advantage is obtained 
since, instead of being lost to atmosphere, the products of com- 
bustion are entrained with the air flow and add to the mass of 
the propulsive jet. It is, however, attended by an exorbitant 
fuel consumption, and is incapable of providing initial power 
for take-off. Nevertheless, some application may be found for 
this type unit by using rocket-assisted take-off or a catapult 
launch. This simple "continuous thermal duct" unit is a 
ram jet, sometimes termed an athodyd. 




Figure 100. — Infernal combustion in a ram jot. 



THE PULSE JET 

Combustion pressure is further improved in the "intermit- 
tent impulse" duct-type jet propulsion unit. This unit, known 
as the aeropulse or pulse jet, is shown in figure 101. Improved 
compression is accomplished in'the pulse jet by sacrificing the 
principle of continuous power generation. 

The pulse jet is a tube fitted with a series of non-return 
admission valves and fuel-injection nozzles at the forward end. 
As it travels through the air, pressure on the nose opens the 
valves and rams air into the duct to mix with the fuel and 
form a combustible mixture. When the fuel-air mixture is 
heated, there is a rapid expansion of the gases and a rise in 
pressure which closes the valves. The violent ejection of the 




Figure 101. — The aoropulso, or pulse jet, as employed on 
tho Gorman buzz bomb. 



gases creates a relatively low pressure area inside the duct 
which allows the flat spring valves to admit a fresh charge of 
air, and the cycle is repeated. 

The frequency of the cycle depends upon the construction of 
the duct, and may be relatively high. A propulsion unit of 
this type, fitted to the German V-l flying bomb, had a fre- 
quency of about 2,800 cycles per minute. 

MECHANICAL AIR COMPRESSION 

For the jet propulsion unit to compete favorably with the 
conventional reciprocating-type internal-combustion engine, it 
was necessary to mechanize the compression of the air. Ex- 
periments with reciprocating compressors have been made, but 
the more appropriate rotary compressor is used in all turbo-jet 
engines in current production. Both radial and axial flow 
types are used. 




Figure 102. — Simple compression and combustion gas turbine engine. 
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A simple rotary unit uses a combustion gas turbine mounted 
on a common shaft with the compressor. The turbine is de- 
signed to extract sufficient energy from the combustion gas 
stream to drive the compressor and ensure continuous opera- 
tion. Figure 102 shows diagrammatically this turbine-com- 
pressor combination which is the basis of the turbo-jet engine. 

A COMPARISON WITH FOUR-STROKE ENGINES 

You are undoubtedly acquainted with the conventional four- 
stroke cycle, reciprocating engine used in automobiles, and 
with its cycle of operation — induction, compression, expansion, 
and exhaust. 

All four of the above functions take place in regular sequence 
in each cylinder of the engine. The piston descends and the 
mixture of air and gasoline enters the cylinder through the 
opened inlet valve; the inlet valve closes, and the piston 
ascends to compress the mixture which is then ignited by an 
electric spark. The expansion resulting from the ensuing com- 
bustion forces the piston downward. This is the sole power 
stroke. Finally, the piston once more ascends to expel the 
burned gases via the exhaust valve. 

In an engine operating at a crankshaft speed of 3,000 r.p.m., 
each stroke is completed in second and a complete cycle 
of operation in ys second. At this r.p.m., each piston is ac- 
celerated, decelerated, and its direction of motion reversed 
6,000 times per minute. As the power stroke per piston occurs 
only once in every two revolutions of the crankshaft, the work- 
ing energy is applied to the shaft intermittently. The fre- 
quency of application in a particular engine depends upon the 
number of cylinders. 

Figure 103 presents a series of sketches showing a complete 
cycle of four strokes of a reciprocating engine, and immediately 
above is a sectional diagram of a gas turbine engine with a 
multistage axial compressor and a single-stage turbine. The 
positions of the two diagrams are arranged to show the cor- 
responding functions of the two power units. In comparing 
the action of the two types of engines, it must be remembered 
that the gas turbine engine produces power continuously — 
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EXHAUST 
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( POWER STROKE) 

Figure 103. — A comparison of turbo-jet and reciprocating power units. 



that is, there are no intermittent 
eating engine. 



as in a recipro- 



HOW THE TURBO-JET ENGINE WORKS 

A turbo-jet unit consists of five major components — an inlet 
duct, a rotary air compressor at the front, a series of com- 
bustion chambers into which fuel is sprayed and burned con- 
tinuously, a turbine revolving with the compressor on a 
common shaft, and the exhaust section. There are no pis- 
tons, valves, or ignition apparatus (except for the starting 
unit) . 
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To start the engine, a fuel valve is opened and the control 
timer switch is depressed. The control timer closes the start- 
ing circuit for about 30 seconds. The electric starter spins the 
main shaft and rotors while the ignition coils provide a high 
voltage to the spark plugs for ignition of the fuel-air mixture. 

When combustion of the mixture begins in either of the 
chambers fitted with spark plugs, the flame spreads to the other 
chambers through connecting pipes. No warm-up period is 
necessary since there are no metal-to-metal sliding surfaces 
and few bearings to be lubricated. 

On the ground, air is forced by the compressor into the 
combustion chambers at a pressure of approximately four at- 
mospheres. Liquid fuel is pumped at a high pressure into the 
compressed air and burned continuously, somewhat in the 
manner of a blowtorch. In flight, the work of compressing the 
air is greatly assisted by the forward motion of the aircraft. 
Increased altitude and the consequent lower air temperature 
also improve the efficiency of the compression system. 

Only a small portion of the total quantity of air taken 
aboard is used to provide the necessary fuel-air combustion 
ratio of about 14:1. The major portion of the air passes 
around the actual combustion area and combines with the 
combustion gases farther on in the combustion chamber. The 
combustion temperature of approximately 1,800° C. raises the 
temperature of the whole air mass to about 850° C, at which 
temperature it passes through the turbine. 

The velocity of the air is tremendously increased because of 
the expansion caused by the heat. The high-velocity air 
passes between the guide vanes in the stator ring of the turbine. 
These vanes direct the flow to the appropriate angle of attack 
for the blades of the turbine wheel. The rapid passage of the 
heated mixture through the blades causes the turbine wheel 
to rotate at speeds from 8,000 to 16,000 r.p.m., depending on 
the particular engine. The mechanical energy developed here 
drives the compressor, which is mounted on the front end of 
the turbine shaft, thus forcing more air into the combustion 
chamber to continue the cycle. 

As in the conventional engine, less fuel is required at higher 
altitudes. A barometric regulator automatically adjusts the 
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supply of fuel injected into the combustion chambers. The 
usual fuel is kerosene or low-grade gasoline, since the chief 
requisite of jet-engine fuel is a high-heat value per unit of 
the fuel. 

COMPRESSORS 

Rotary air compressors are classified in accordance with the 
line of air flow. The radial flow type, often called a centrif- 
ugal flow compressor, may have one or more stages, but the 
axial flow type is invariably a multistage unit. There are 
some few units (mixed flow type) in which an initial radial 
stage is followed by a number of axial stages and, conversely, 
axial stages with a terminal radial stage. 

RADIAL COMPRESSORS 

The radial compressor has received many years of intensive 
development as an engine-driven blower for supercharging 
reciprocating-type aircraft engines, and its performance and 
reliability have been well established. Consequently, it was 
adopted for gas turbines. While it can satisfactorily furnish 
the volume of air required by a piston engine operating with a 
fuel-air ratio of about 15:1, it is less well suited for the turbo- 
jet unit which requires a total air-fuel ratio of from 60:1 to 
70:1. The volume of air to be handled necessitates an im- 
peller of large diameter and a high speed of rotation, resulting 
in a high linear speed at the periphery. It is not uncommon 
for the tip speeds of impellers to exceed the speed of sound, but 
in a turbo-jet unit it is most desirable to maintain a smoothly 
accelerating flow and to avoid surging or wave effects. 

The diameter of a radial compressor is necessarily greater 
than an equivalent one of axial type, and thus the overall 
diameter of the unit is greater. 

There are, however, compensating advantages when the ra- 
dial compressor is compared with the axial type. It is cheaper 
to produce, more sturdy, can be run at higher speeds, and is less 
prone to icing. Furthermore, it has a wider effective opera- 
tional range than the axial type, and in this respect is more 
suitable for use in a variable speed, variable load jet-propulsion 
unit. 
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Air enters the radial compressor casing by way of the rela- 
tively small intake eye around the hub, is picked up by the 
radial vanes of the rotating impeller, rapidly accelerated, and 
discharged from the periphery into a diffuser. This annular 
chamber is provided with a number of vanes forming a series 
of divergent passages, the function of which is to build up 
pressure in the air stream at the expense of velocity. The air 
passes from the diffuser to a discharge scroll having one or 
more outlets, as may be seen in figure 104. 




Figure 1 04.— Diagram of radial compressor with only two discharge outlets. 

Drawings of three different types of impellers are given in 
figure 105. A simple single-entry "web"-type (A) has radial 
vanes supported on one side by a disc. The small curved 
vanes around the hub are "entry" vanes to facilitate the change 
in air flow from the axial to the radial direction and thus reduce 
the so-called "entry shock." 
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A B C 

Figure 105. — Three commonly used types of impellers for radial compressors. 

The double-entry type (B) is a variation of the web-impejler 
type, having radial vanes on each side of the single central disc. 
Air enters at each side and is delivered to a common collector 
duct. It is, in effect, two single-entry impellers arranged back- 
to-back. The third impeller (C) is designated the "closed" or 
"shrouded" type. This resembles type (A), but has an an- 
nular wall on the entry side. 

It is practical to design radial compressors for a pressure 
ratio approaching 4:1 in a single-stage impeller, and it is pos- 
sible to achieve even higher pressures. However, it is gen- 
erally preferable to keep the stage ratio reasonably low and 
obtain the desired pressure by increasing the number of stages. 
This substantially increases the length of the unit because it 
necessitates air passages from one stage to the next, as can be 
seen in the diagram of a two-stage unit in figure 106. Inter- 
stage losses lower the overall efficiency. 

AXIAL COMPRESSORS 

Although the design and construction of axial compressors 
is quite different from that of the radial type, it is subject to 
the same laws and limitations. The line of flow is relatively 
more direct, but at each stage the air must be accelerated in 
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the direction of rotation and then channeled at the appropriate 
angle for the next stage. 

Three stages constitute a probable minimum for an axial 




Figure 106. — Section of two-stage radial compressor. 
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compressor, but the practicable maximum number of stages 
may run much higher. 

The schematic diagram in figure 107 shows the arrangement 
of component parts in a five-stage axial compressor. The 
casing is usually cylindrical, and compression is gradually in- 
creased by the use of a rotor drum which increases in diameter 
from entry to discharge. Eleven rows of blading are shown 
in this diagram, although the discharge vanes and entry vanes 
may be omitted in certain designs. The rotor is built up of 
five discs, each of which has one row of rotor blades. The 
compressor casing has six rows of stator blades. 




Figure 107. — Schematic diagram of a five-stage axial compressor. 

Rotor discs may be of steel or light alloy, and will probably 
decrease in width from low-pressure to high-pressure stages as 
they accommodate blades of diminishing chord. Steel or light 
alloy blades are machined to profile from individual forgings. 
Methods of fixing the blades to the disc vary in different de- 
signs, but they are commonly fitted into tee or dovetail slots 
in the periphery of the disc and secured by pins, wedges, or 
screws. The number of rotor blades per disc usually dimin- 
ishes stage by stage from intake to discharge. 

Stator blades, which direct the air flow between stages, may 
also be of either steel or light alloy, and are usually assembled 
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in half-rings for mounting in the longitudinally divided light 
alloy compressor casing. They may be machined from forg- 
ings, folded from sheet material, developed from tubes, or, in 
the case of steel, even cambered from a single sheet. 

An axial compressor with fixed blading has only a limited 
range of air delivery volumes. With adjustable rotor blades, 
however, it could be regulated to deliver any volume from zero 
to maximum. Such an innovation might prove to be as im- 
portant as the variable pitch propeller.' 

Another method of regulating the output of a multistage 
axial compressor is to have one or more rings of rotor blades 
disconnectably mounted on the rotor shaft and allowed to run 
idly in the air stream for reduced delivery. Furthermore, one 
or more sets of stator blades may be disconnectably mounted 
in the casing and similarly allowed to rotate idly for reduced 
output. Disconnectable rotor and stator blade rings may be 
embodied in the same design. 

TURBINES 

In a pure turbo-jet unit, all the power delivered by the tur- 
bine is expended in driving the air compressor and the neces- 
sary auxiliary equipment. The following paragraph will fur- 
nish an idea of the power developed by an aircraft gas turbine 
engine. 

A jet-propulsion engine will deliver approximately 50 pounds 
of thrust for every pound of air flowing through the unit per 
second. To drive a modern rotary compressor, approximately 
100 horsepower is necessary for each pound of air delivered per 
second. It follows that in a unit developing 2,500 pounds of 
thrust, the turbine driving the compressor must produce about 
5,000 horsepower. This estimate is revealing, as it shows an 
expenditure of energy equal to or greater than that of a pair of 
conventional reciprocating engines of high power output. It 
indicates why performance of a jet-propelled aircraft is so out- 
standing and why the rate of fuel consumption is relatively 
high. In short, the turbo-jet engine is a high-powered unit. 

The turbine consists of a nozzle assembly and a rotating 
blade assembly. The hot gases from the combustion chamber 
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flow through the turbine nozzle assembly and are directed 
against the rotating blades of the turbine disc. 

The rotating blade assembly (turbine rotor) is made up of 
a steel shaft and disc. High -temperature alloy blades are 
locked in grooves cut in the periphery of the disc, and the entire 
turbine rotor is statically and dynamically balanced. The 
turbine rotor and the compressor rotor are mounted on the 
same shaft in some units, while in others they are mounted on 
separate shafts which* are connected during assembly. 

The nozzle assembly consists of the nozzle guide vanes and 
the stator ring or shroud ring. The guide vanes are made up 
of high-temperature alloy. They are fitted into or welded to 
the stator ring or shroud. The turbine rotor and the nozzle 
assembly (fig. 108) are housed in the rear of the combustion 
chamber. 




Figure 108— Turbine nonle and rotor. 



At the present level of development, a single-stage turbine 
can provide all the power necessary to drive a single-stage 
radial compressor. It is lighter, simpler in design, easier to 
manufacture, and more efficient. Multistage turbines are more 
applicable to axial flow compressors, which operate at lower 
speeds of rotation. 
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COMBUSTION CHAMBER 



The efficiency and performance of a turbine power unit are 
materially influenced by the combustion system employed. 
Basic requirements for a satisfactory system are a high rate of 
burning, minimum pressure drop, small bulk, and light weight. 
The system must be consistent in operation over a wide range 
of loads and altitudes, with no liability to flood with fuel or to 
suffer "combustion blow-out" ("combustion blow-out" refers 
to flame failure, and is primarily a problem in high-altitude 
operation). Starting must be easy and positive both on the 
ground and in the air, and combustion must be complete to 
avoid formation of carbon. 

Entirely new problems were presented by the aircraft gas 
turbine. One such problem involved the release of the neces- 
sary heat values at the required rate of burning. Another was 
concerned with the severe limitations in respect to weight and 
space occupied. That these problems were overcome is con- 
firmed by the fact that in a light tubular combustion chamber 
of fabricated sheet steel, which by ordinary furnace standards 
would be regarded as flimsy, it is possible to release more than 
300,000 heat units per minute. 

The majority of aircraft gas turbine engines have between 
8 and 16 combustion chambers. Some designs, however, use 
only one annular combustion chamber. Each chamber (fig. 
109) consists of an outer casing usually made of mild steel, a 
flame tube made of a high-grade heat-resisting alloy, and a 
burner nozzle. Each chamber is joined to its adjacent cham- 
ber by means of cross-over tubes. Fuel is introduced from the 
burner nozzle into the flame tube where it mixes with the com- 
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Figure 109. — Combustion chamber assembly. 
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pressed air from the compressor for combustion. The flame 
tubes are so constructed that only a small quantity of air 
mixes with the fuel to support combustion. The bulk of the 
intake air is admitted to the flame tube in stages for the pur- 
pose of diluting and cooling the combustion gases. 

EXHAUST CONE ASSEMBLY 

The exhaust cone, which is attached to the rear of the unit 
over the turbine wheel, is a tapered, cylinder-shaped outlet for 
the exhaust gas. There is a closed, bullet -shaped cone within it, 
around which the gas is ejected in a gradually expanding jet 
form (fig. 110). The function of this cone is to eliminate 
turbulence in the emerging jet. 




Figure 110. — Typical exhaust cone assembly. 



The inner cone is usually supported to the outer cone by 
streamlined vanes called brace assemblies. The exhaust cone 
itself is usually made of stainless steel sheets, reinforced at 
each end with stainless steel flanges. To keep as much heat 
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energy as possible within the exhaust cone, it is covered with 
layers of aluminum foil, aluminum screen, screen cloth, as- 
bestos fiber, and/or other insulating material. 

FUEL INJECTION EQUIPMENT 

There are several means used for"" injection, automatic regu- 
lation, and control of the fuel supply in various turbo-jet 
engines. The typical system contains the following units: 
fuel filter, fuel pump, barometric control device, governor, con- 
trol valve, drip valve, drain manifold and drain valve, fuel 
manifold and fuel nozzles, and check valve. 

The fuel pump is of the constant displacement type. The 
governor bypasses fuel back to the inlet line of the fuel pump 
in order to prevent the rotor assembly exceeding the maximum 
allowable speed. The barometric control device bypasses 
the fuel in order to maintain, for a given cockpit setting of the 
control valve, a constant speed regardless of altitude. 

By means of the control valve, the pilot can vary the speed 
of the engine by changing the amount of the fuel flow to the 
nozzles. The control valve also functions as a stop cock to 
completely shut off the flow of fuel. A drain manifold and 
drain valve are connected to the lower combustion chambers 
to drain the fuel when the unit is shut down and to avoid fuel 
accumulation in the chambers. 

A fuel manifold directs the fuel to the fuel nozzles. The 
nozzles in the combustion chambers provide equal distribution 
of fuel in all chambers. A check valve, located in the control 
valve inlet line, prevents a reverse flow of fuel to the baro- 
metric control device and governor during operation of the 
airplane auxiliary fuel pump. 

LUBRICATION SYSTEM 

Some turbo-jet engines are lubricated by a simple wet-sump 
system, while others employ the dry-sump system. Oil is 
delivered under pressure to the points requiring lubrication, 
but in some turbo-jet engines not all of the units lubricated are 
scavenged. Some of the lubricated points are ported to the 
atmosphere. 
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For general information on the lubrication of turbo-jet en- 
gines discussed in this book, see coverage of lubrication sys- 
tems for the respective engines. 

ELECTRICAL SYSTEM 

The sole function of the electrical system is to start the en- 
gine. Once the engine is operating, the electrical system is not 
involved in sustaining operation or in stopping the engine. 

The system usually includes a starter, a 24-volt d-c battery, 
two ignition coils, two spark plugs, and the necessary controls 
and switches. 



QUIZ 

1. What are the four main classes of jet-propulsion units? 

2. What is the chief distinction between the rocket and other jet-propelled 
units? 

3. Name the five main sections of a turbo-jet engine. 

4. Name the parts of a combustion chamber. 

5. What is the purpose of the inner cone in the exhaust-cone assembly? 

6. What is the average warm-up period for a turbo-jet unit? 

7. What is the function of the turbine in a turbo-jet engine? 

8. What is the function of the cross-over tubes? 

9. What is the biggest disadvantage in using a radial-flow air compressor 
to handle a large volume of air? 
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CHAPTER 11 



T-40 TURBO-PROP ENGINE 

The models T40-A-4A and T40-A-4B turbo-prop engines 
| incorporate a dual power unit composed of two similar gas 
turbine power sections and a remote reduction gear assembly. 
This assembly is driven through separate extension shafting 
by each power section. 

Differences between the models lie in their extension shafts. 
Model T40-A-4A engines incorporate extension shafts which 
are 105.55 inches in length, while the T40-A-4B engines include 
shafts which are 117.6 inches in length. 

PRINCIPLES OF DESIGN AND OPERATION 

Each power section includes a single-entry, multistage axial 
flow compressor; a set of eight cylindrical, flow-type combus- 
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tion chambers; and a multistage turbine. Figure 111 shows 
power section nomenclature. 

The compressor assembly incorporates a 17-stage rotor en- 
cased in a two-piece casing. The compressor rotor is con- 
nected to the four-stage turbine rotor by a splined coupling 
shaft and a tie bolt. 

Each COMBUSTION CHAMBER ASSEMBLY COnSlStS Ot tWO COn- 

centric passages formed by inner and outer liners. 

An accessories drive housing is incorporated on the top of a 
compressor air inlet housing which is bolted to the front of the 
compressor casing. 

Each power section is connected to the reduction gear as- 
sembly by three lengths of extension shafts which are sup- 
ported by two intermediate bearings. 

The reduction gear assembly includes a gear train consist- 
ing of two stages of reduction driving concentric propeller drive 
shafts. The first stage reduction is accomplished by a set of 
spur gears ; the second stage by a compound planetary system. 
Friction clutches — one for each power section — are provided 
in the reduction gear assembly and permit the operation of 
both propeller shafts by either power section. 

During operation, air enters each power section through the 
compressor air inlet housing and passes through the 17-stage 
compressor, as demonstrated in figure 112. From the com- 
pressor, the air flows through the diffuser into eight combustion 
chambers. In each chamber, the air enters through a series of 
holes into the front liners, where fuel is introduced and the 
fuel -air mixture burned. The hot gases exit from the opposite 
end of the combustion chambers and pass through the turbine, 
causing it to rotate. The turbine, in turn, drives the com- 
pressor rotor and propeller reduction gears. From the turbine, 
the gases travel through an aperture formed by the inner rear 
exhaust cone and the rear turbine bearing support. 

DUAL POWER UNIT 

The dual power unit consists of a left power section and a 
right power section. These power sections are secured to each 
other by tie brackets attached to the top and bottom of the 
sections at the forward and aft ends of the compressor casings. 
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POWER SECTION 



Each power section includes a multistage axial flow com- 
pressor, eight combustion chambers of the cylindrical through- 
flow type, a multistage turbine, and an accessories drive hous- 
ing. Oil, fuel, and cooling air systems as well as a coordinating 
control are provided. 

COMPRESSOR ASSEMBLY 

The compressor assembly is composed of a compressor air 
inlet housing, a compressor rotor assembly, and a compressor 
casing. 

The air inlet housing is a one-piece magnesium casting and 
includes the gear carrier assembly which provides the drive for 
the main oil pump and the accessories. A set of inlet guide 
vanes are used to direct the air through the compressor blades 
and to prevent the entrance of large foreign objects. Two 
horizontal and two vertical struts which support the gear 
carrier are designed so that deicing is accomplished by passing 
hot air through the horizontal struts and oil through the ver- 
tical struts. 

The axial flow compressor rotor assembly consists of 17 
steel wheels splined to a shaft supported by a roller bearing at 
the front and by a ball bearing at the rear. A continuous 
circle of steel compressor blades are pinned to the outer rim 
of each wheel. Balancing weights are pinned to each end of 
the wheel assembly. 

The compressor casing encloses the compressor rotor as- 
sembly. This casing consists of two magnesium alloy castings 
bolted together along a horizontal split line. Two-piece steel 
compressor stators (vane assemblies) are held in position in 
each half of the casing by vane rings, or clips. The compressor 
air inlet housing is bolted to the front of the compressor casing. 
The compressor diffuser is bolted to the rear of the casing. 

Fuel nozzles installed in the diffuser align with domes which 
protrude from the combustion chambers into the diffuser 
passages. 
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COMBUSTION CHAMBER ASSEMBLY 

The combustion chamber assembly includes eight stainless 
steel chambers mounted circumferentially around the turbine 
bearing support housing. Essentially, each chamber consists 
of two concentric passages formed by inner and outer liners. 
Compressed air enters each chamber through a dome assembly 
and passes through a series of holes into the front liners. This 
is shown in figure 1 13. Fuel is sprayed by the nozzles into the 
front inner liners, and the fuel-air mixture burned. The re- 
sulting gases exit from the chamber through the rear inner 
liner and pass into the turbine. 

The dome is secured to the front liner by a tube spanner nut, 
and is supported by the diffuser housing. Three piston ring- 
type seals permit linear expansion during engine operation. 
An igniter plug, used only for starting purposes, is provided in 
each of two diametrically opposed domes. The front inner 
liner is secured in position by a locating dowel installed 
through the outer liner. The front liners, in turn, are secured 
by a tube spanner nut to the turbine diaphragm and front cas- 
ing assembly. The front lip of the two-piece rear liner is held 
in place between the front inner and outer liners by a spring 
lock. The rear lip of the rear liner is placed in a mating open- 
ing formed by the No. 1 turbine vane assembly and the front 
turbine bearing support assembly. 

Adjacent front inner liners are connected by inner cross- 
over tubes placed within outer cross-over tubes. The latter 
tubes connect adjacent front outer liners. Six piston ring-type 
seals placed between the inner and outer tubes are secured in 
position by a clamp which is designed to prevent gas leakage 
while permitting expansion and contraction of the unit. 

TURBINE UNIT ASSEMBLY 

The turbine unit assembly includes three major components 
— turbine support, turbine rotor assembly, and turbine casing 
assembly. 

Designed to support the turbine rotor assembly, the turbine 
support is attached to the rear flange of the compressor casing, 
as may be seen in figure 114. Because of its proximity to the 
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combustion chambers, the turbine support is cooled by air 
which circulates through the annulus formed by the support 
and a surrounding air seal shroud. This shroud incorporates 
the thrust balance tube which transmits air from the compres- 
sor to the front face of the No. 1 turbine wheel in order to offset 
the thrust effects of the rotor assembly. 

The turbine rotor assembly incorporates four steel wheels 
splined to the turbine rotor shaft which is supported by two 
roller bearings. This is illustrated in figure 115. Secured to 
the outer rim of each wheel is a continuous circle of Vitallium 
blades. 

The rotor assembly is encased in the turbine casing as- 
sembly and includes two-piece stator (vane) assemblies sim- 
ilar to those provided in the compressor casing. 

The casing is surrounded by a circular shroud which permits 
cooling air circulation around the unit. Bolted to the rear 
flange of the casing is the turbine rear bearing support which 
incorporates six hollow, slotted supporting struts through which 
rear bearing cooling air escapes to the exhaust gas stream. 
Attached to the support, the inner exhaust cone design permits 
the expansion of the exhaust gases and serves as a cover for the 
turbine scavenge oil pump. The rear flange of the turbine 
unit assembly permits the use of an engine-furnished quick- 
disconnect clamp to secure the aircraft tailpipe to the power 
section. 

ACCESSORIES DRIVE HOUSING 

A magnesium alloy accessories drive housing is incorporated 
on top of the compressor air inlet housing. Mounting pads are 
provided for the fuel control, the primary fuel pump, and the 
secondary fuel pump on the rear face of the assembly. A 
mounting pad for a tachometer generator is provided on the 
front face of the assembly. 

The gear carrier assembly drives the accessories drive pinion 
shaft assembly to which is splined the center accessories drive 
gear shaft assembly. The spur gear of this assembly meshes 
with several shaft gears to form the accessories drive gear 
train. 

An engine breather is located on the top face of the housing. 
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OIL SYSTEM 

Each power section incorporates an independent dry sump 
oil system which includes one combination main pressure and 
scavenge oil pump assembly and two separate scavenge pumps. 

The gear-type main pump (fig. 116) is located on the bot- 
tom of the compressor air inlet housing, and is driven by the 
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components as well as the front compressor bearing. A pas- 
sage surrounding the oil pump drive shaft gear permits the oil 
to drain back to the inlet of the main scavenge pump. 

Oil from the rear compressor and front turbine bearings 
drains to the inside of the front turbine support. There it is 
picked up by the gear-type turbine support scavenge pump 
located in the diffuser assembly (fig. 116). The scavenge 
pump contains three gears, and is driven through a work gear 
off the 17th-stage compressor wheel. The pump incorporates 
two inlet ports and one outlet port in order to permit the pump 
to scavenge oil from two locations and return it through a 
common discharge line to the aircraft tank. 

The turbine front support provides a well at the forward end, 
directly beneath one inlet port of the pump. When the air- 
craft is in a nose-down attitude, the scavenge oil encased by 
the support flows to this well to be picked up by the pump. 
Similarly, a well at the rear of the support connects to the other 
inlet port so that the scavenge oil settles in the rear well when 
the aircraft is in a nose-up attitude. 

The vane-type turbine scavenge pump scavenges the oil 
which drains from the rear turbine bearing and directs it for- 
ward through the turbine shaft to lubricate the splines of the 
coupling shaft, turbine shaft, and 17th-stage compressor wheel. 

FUEL SYSTEM 

The principal components of the power section fuel system 
are: primary fuel pump, secondary fuel pump, fuel filter, fuel 
control, fuel nozzles, drip valve, and burner drain valve. 

The primary and secondary gear-type pumps are identical in 
construction and have the same capacity. As shown diagram- 
matically in figure 117, the fuel system is arranged so that the 
two pumps actually are connected in series with one filter ele- 
ment located between the pumps and the second filter element 
placed in the outlet line to the fuel control. 

If the primary pump has a higher efficiency than the second- 
ary pump during normal operation, the check valve located 
between the filter elements is opened, bypassing the excess fuel 
flow from the primary pump directly to the secondary filter. 
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If the secondary pump has a higher efficiency than the pri- 
mary pump during normal operation, the variable bleed valve 
incorporated in the filter box bypasses the quantity of fuel re- 
quired to prevent the secondary pump from "taking over." 
However, the variable bleed valve will not close completely 
until the primary pump fails totally. 

A partial failure of the primary fuel pump results in a pres- 
sure rise of over 50 p.s.i. through the secondary fuel pump. 
Such failure causes the differential pressure switch to close. 
When this happens, a warning light is flashed. 

If the primary fuel pump suffers total failure, the following 
events take place. When the pressure rise through the sec- 
ondary pump reaches 50 p.s.i., the differential pressure switch 
closes. When the pressure rise reaches 175 p.s.i., the pressure 
differential becomes greater than the spring force in the vari- 
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able bleed valve. The valve closes, causing the secondary 
pump to take on the full load. The check valve located in the 
bypass line around the primary fuel pump then opens. This 
permits the direct delivery of fuel from the inlet fitting to the 
secondary pump inlet. 

When the secondary fuel pump suffers a partial or total 
failure, the check valve between the two filter elements opens. 
Thus, the secondary fuel pump is bypassed, and the primary 
pump furnishes the fuel required to maintain engine speed. 

By energizing the pump dump valve, you can give the opera- 
tion of the secondary pump a preflight check. The output of 
the primary pump is then bypassed to the inlet side of the sys- 
tem. The resulting increased pressure rise across the second- 
ary pump closes the differential pressure switch and turns on 
the warning light. If the secondary pump successfully main- 
tains engine speed with the light on, the check is considered 
satisfactory. 

A fuel control system is mounted on the rear face of the 
accessories drive housing. This assembly provides a means of 
varying fuel flow in order to permit a selection of engine power 
that is coordinated with propeller pitch and engine speed. 
You will consider the fuel control assembly in detail in a later 
section of this chapter. 

From the fuel control assembly, the fuel flows through a 
manifold assembly to a fuel nozzle in each combustion chamber. 

A spring-loaded, flat-plate drip valve is located on the bot- 
tom of the fuel manifold. It is designed to drain the manifold 
when manifold pressure drops below 2 p.s.i. while the power 
section is being stopped. The valve also prevents fuel from 
dripping into the combustion chambers at extremely low 
pressures. 

The burner drain valve is located on the bottom of the dif- 
fuser assembly. The spring-loaded flat-plate valve drains the 
combustion chamber and diffuser so as to prevent the accumu- 
lation of fuel in the power section after an unsuccessful start 
or after stopping the engine. 
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FUEL CONTROL ASSEMBLY 

The fuel control is located on the outlet side of the engine- 
driven fuel pumps. Figure 118 shows the T-40 engine fuel 
control unit. 

Pressure of the fuel entering the assembly from the pumps 
is regulated by the bypass and relief valve assembly. This 
consists of one spring-loaded valve within another spring- 
loaded valve. The outer (bypass) valve movement is con- 
trolled by a large spring and the pressure differential across 
the valve diaphragm. The valve regulates the amount of fuel 
bypassed to the inlet side of the primary pump. Thus, a con- 
stant pressure differential is maintained between fuel pump 
discharge pressure and metered fuel pressure (manifold pres- 
sure) . 




Figure 1 18. — Fuel control unit. 



The inner, or relief, valve movement is controlled by a 
smaller, stiffer spring than the bypass valve spring. 

The maximum pressure relief valve serves two purposes. 
First, the relief valve is designed to open at a pressure which 
will maintain a maximum predetermined pressure at the fuel 
nozzles. Thus, with a given nozzle configuration, the maxi- 
mum fuel flow to the engine will be consistent with permissible 
engine power loading. The valve thus prevents overloading of 
the engine reduction gearing under conditions of high com- 
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pressor inlet densities. Second, the valve prevents excessive 
pressure build-up in the system during an emergency shut-off • 
at a high engine speed. 

The fuel then flows to the regulator valve. Here the un- 
metered fuel pressure is adjusted to a value which will main- 
tain the desired metering head across the main throttle valve. 
The desired metering head is unmetered fuel pressure minus 
metered fuel pressure. 

The size of the predetermined metering head is the function 
of two factors: first, of the spring loading on the regulator 
valve diaphragm; second, of a density compensating system. 

The density compensating system consists of two elements. 
The first element provides an evacuated bellows controlling 
the position of a contoured needle in response to compressor 
inlet temperature. Fuel flow varies directly with changes in 
compressor inlet pressure. It varies inversely with changes in 
compressor inlet temperature. 

The temperature regulates the position of the contoured 
needle. This in turn determines the amount of fuel entering 
the compensating fuel pressure chamber from the unmetered 
fuel chamber. This same amount of fuel must flow from the 
compensating pressure chamber, past the pressure compensat- 
ing needle, and into the metered fuel chamber. Because the 
position of this needle is regulated by the pressure bellows, the 
flow will be proportional to the density. 

Therefore, you can see that an increase in compressor inlet 
pressure reduces the compensating pressure chamber exit bleed 
area so that the pressure is increased — that is, for a given inlet 
bleed area. The pressure differential across the regulator 
valve diaphragm, in turn, is unbalanced. Then the regulator 
valve moves toward the open position to re-establish the spring 
balance. Thus the unmetered fuel pressure is increased. This 
results in an increased flow to the engine. 

Just the reverse of this correction takes place with decreas- 
ing compressor inlet pressure. 

In the same manner, a decrease in compressor inlet tempera- 
ture opens a larger entrance bleed area. The result of this is 
an increased bleed flow. So you see that for a given com- 
pressor inlet pressure, this increase in bleed flow results in a 
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greater fuel flow to the engine due to the increased unmetered 
• fuel pressure. 

Unmetered fuel flows from the regulator unit to the throttle 
valve. The throttle is controlled either by the operator for 
part throttle operation or by a speed signal for maximum tem- 
perature and surge limits. During part throttle operation, the 
operator has direct control of the valve through the throttle 
lever. 

During a rapid acceleration, the throttle opening is modified 
by a compound cam arrangement incorporating a single cam 
follower. A maximum temperature limiting cam and a surge 
limiting cam are each positioned by a speed sensing piston. 
The surge limiting cam position is, in addition, biased by com- 
pressor inlet temperature. 

The governor operates at ground idle, operational idb, take- 
off, and reverse thrust to control fuel flow by regula ing the 
main throttle outlet area. This is accomplished by means of 
a sleeve type valve located within the main throttle valve, 
positioned by a spring-loaded diaphragm. The spring force on 
the diaphragm is established by the governor lever position and 
is opposed by the hydraulic pressure generated by a centrifugal 
fuel impeller. 

Besides establishing a regulator spring setting for normal 
operation, the electronic temperature control system also 
limits fuel flow so that excessive turbine inlet temperature will 
not result. 

A solenoid cutoff valve is incorporated in addition to the 
manual cutoff valve. The solenoid valve is normally open. 
When the cockpit throttle is moved out of cutoff to the starting 
position, the manual cutoff valve opens. This energizes the 
solenoid, closing this valve. The solenoid valve remains closed 
until the engine reaches a, predetermined speed, at which time 
a switch is opened. The opening of this switch de-energizes 
the solenoid, opening the valve to permit fuel flow. 

COOLING AIR SYSTEM 

Air cooling is required for both the front and rear turbine 
bearings, as shown in figure 112. 



238 



Cooling air for the rear turbine enters a cooling air inlet 
duct which is part of the turbine bearing support assembly. A 
portion of this air passes between the bearing retainer and the 
rear turbine bearing support housing. This air then exits into 
the exhaust gas stream immediately aft of the last turbine 
wheel. The rest of the cooling air circulates around the rear 
surfaces of the bearing and turbine scavenge pump compo- 
nents. This air then flows through a hole in the rear turbine 
bearing cage housing cover, into the turbine rear support struts, 
and out through a slot in the trailing edge of each strut into 
the exhaust gas stream. 

Cooling air for the front turbine bearing enters the engine 
through a cooling air inlet duct in the compressor diffuser as- 
sembly. It flows rearward around the front turbine bearing 
support housing to the front bearing. The air then passes 
radially outward into an annular chamber formed by the 
turbine bearing support housing and the turbine casing. From 
there, the air is discharged through an outlet duct. 

COMPRESSOR AIR BLEED 

Each section has four compressor air bleed connections. 
From these connections, air bled from the compressor ninth 
stage may be taken for purposes of cabin conditioning, instru- 
ment operation, and airframe anti-icing. 

EXTENSION SHAFTING 

Each power section is individually connected to the reduc- 
tion gear assembly by three extension shafts. These are sup- 
ported by two intermediate bearings. Each bearing assembly 
incorporates ball bearings. 

Each rotating shaft is encased in a stationary air-seal sup- 
port housing which prevents the sucking of grease from the 
bearings into the compressor air inlet. 

REDUCTION GEAR ASSEMBLY 

The reduction gear assembly incorporates contra-rotating 
propeller drive shafts, an independent dry sump oil system, two 
friction clutches, and a propeller brake. (See fig. 119.) 
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MAIN REDUCTION GEAR TRAIN 



The main reduction gear train consists of two stages of re- 
duction. The spur gear-type first stage has a reduction ratio 
of 2.675:1. The compound planetary type second stage has a 
reduction of 5.857:1. This results in an overall reduction of 
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1. No. 60L prop, shaft assembly. 

2. Propr-ller shaft nose pump drive 

gear. 

3. Planet rear carrier. 

4. Generator drive idler gear. 

5. Generator drive shaftgear. 

6. Accessory drive gear. 

7. Reduction drive shaftgear. 

8. Hydraulic pump drive gear as- 

sembly. 

9. Clutch shaft starter gear. 

10. Clutch inner member assembly. 

11. Starter shaft assembly. 

12. Starter shaft drive gear. 

13. Starter shaft clutch. 

14. Oil pump drive shaft. 

15. Starter drive idler gear. 

16. Alternate clutch drive bevel 



17. Oil pump clutch drive gear. 

18. Propeller brake shaftgear as- 

sembly. 

19. Friction clutch. 

20. Pump drive gear assembly. 

21. Reduction gear spur pinion. 

22. Tachometer drive gear assem- 

bly. 

23. Stationary ring gear. 

24. Planet gear assembly. 

25. Sun gear. 

26. No. 80 propeller shaft drive 

gear. 

27. Planet front carrier. 

28. No. 80 propeller shaft assem- 

bly. 

29. No. 80 propeller shaft drive 

flange. 

30. Starter jaw. 



Figure 120. — Reduction gear trains. 
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15.668:1 and a propeller speed of 868 r.p.m. at 13,600 engine 
r.p.m. The figures referred to in the following descriptive 
paragraphs are incorporated in figure 120. 

The two reduction spur gear pinions (21) are driven counter- 
clockwise by the power sections through friction clutches (19). 
These pinions drive the first stage reduction gear (reduction 
drive shaft gear) (7). The sun gear (25) is splined to the 
reduction drive shaft gear and meshes with the six large gears 
of the planet gear assemblies (24) . 

Small gears are fixed on the same shafts with the large planet 
gears and mesh with the stationary ring gear (23) , causing the 
planet rear carrier (3) to rotate. The planet rear carrier is 
bolted to the planet front carrier (27) which is bolted also to 
the No. 60 (inner) propeller shaft. Therefore, the rotation of 
the planet rear carrier causes the No. 60 propeller shaft to be 
driven clockwise. The large planet gears drive the No. 80 
propeller shaft drive gear (26). The No. 80 propeller shaft 
drive gear is bolted to the No. 80 propeller shaft drive flange 
(29), which is splined to the No. 80 (outer) propeller shaft 
(28). Thus, the No. 80 propeller shaft is rotated counter- 
clockwise, in the direction opposite to the No. 60 propeller 
shaft. 

ACCESSORIES DRIVE GEAR TRAINS 

The nose scavenge oil pump is driven off the No. 80 propeller 
drive shaft by the propeller shaft nose pump drive gear (2) . 
This is bolted to the propeller shaft. 

The main oil pump drive shaft (14) is driven either by the 
alternate clutch drive bevel gear (16) off the starter shaft 
clutch (13) or by the oil pump clutch drive gear (17) off the 
accessories drive gear (6) and the pump drive gear assembly 
(20). In either case, the pump is driven through an over- 
running clutch. 

The propeller brake (18) is driven by the first stage reduc- 
tion gear. 

Other accessories are driven by the accessories drive gear 
which is splined to the first stage reduction gear (reduction 
gear drive shaft gear). Two generator drive shaft gears (5) 
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are driven by the accessories drive gear through the generator 
drive idler gear (4) ; the tachometer drive gear (22) and hy- 
draulic pump drive gear (8) are driven off the accessories drive 
gear through the (oil) pump drive gear (20). 

Two pairs of starter drive idler gears (15) together with the 
starter shaft drive gear (12) and the input shaft clutch inner 
member (10) on the turbine side of each friction clutch form 
the gear train between the starter and the friction clutches. 
The engagement of either input shaft with the starter shaft 
(this constitutes the selection of a power section during the en- 
gine starting procedure) is accomplished through the solenoid- 
operated, double-acting splined starter shaft clutch. 

OIL SYSTEM 

The reduction gear assembly has a sump oil system which 
includes a main oil pump and nose scavenge oil pump. The 
main oil pump assembly consists of one scavenge pump, a pri- 
mary pressure pump, and a secondary pressure pump. 

During normal operation, the output of the primary pressure 
pump is enough to lubricate the reduction gear assembly and 
to hold the propeller brake in the "off" position. Therefore, 
the output of the secondary pressure pump is bypassed back 
to the pump inlet by a pressure oil shuttle valve. 

When the clutch is engaged, the system pressure drops below 
a pre-set value. When this happens, the shuttle valve is oper- 
ated, stopping the complete bypassing of the secondary pump. 
The outlet of this pump is then delivered to the main oil lines. 

Oil from the pressure pumps is passed through a filter to a 
check valve. From the check valve, an oil passage leads, first, 
to the pinion oil nozzles and, second, to the propeller brake. 
Branches from the main passages lead to the cooling oil valves 
and, through pressure reducing valves, to the clutch oil valves. 
The oil flow through these valves is used for clutch operation. 

A seoond passage from the check valve provides oil for the 
planetary gearing, the No. 80 propeller shaft center bearing, 
and the inner propeller shaft seal assembly. Branch lines fur- 
nish oil to the accessory drive gear oil nozzle and, through a 
pressure reducing valve, to the hydraulic pump pad. 
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The nose scavenge pump picks up oil which collects in the 
front casing during operation in a nose-down attitude and de- 
livers the oil to a common outlet with the main scavenge pump. 
The main pump scavenges the oil which collects in the rear 
casing sump and returns the oil through the common ^ttaitfr 
the aircraft supply tank. 



FRICTION CLUTCH 

A friction clutch of the disc type is provided for ea 
section. This clutch is located in the reduction gear a 
and is illustrated in figure 121. 

The clutches are identical in design, and provide 
lowing features: 

1. Either power section may be started with on< 
(the propellers being disconnected during the 
operation) . 

2. After one power section has been started, the j 
may be picked up through the clutching arrai 

3. After one power section and the propeller are o; 
the second power section may be started eithe 
ground or in flight. 

4. Either power section may be started from tl 
milling of the propeller during flight. 

The friction clutch is operated by oil pressure. Tl 
plates are cooled by the oil during engagement. Tc 
and disengage the clutch, the oil pressure acts on a 
acting piston located on the power section side of the 

During starting and idling, the motor-driven clutch 
and cooling oil valve are in the disengaged position, 
case, the oil pressure to the disengagement chamber 
engagement chamber is vented to the gear box. Th 
oil is shut off. 

When the power section reaches a speed with suffice 
to pick up the propeller, a speed sense relay operates tl 
driven clutch actuating valves, moving them to the 
position. This action vents the disengagement chamber vo v. 
gear box, transfers oil pressure to the engagement side of the 
piston, and opens the cooling oil valve to let the oil flow be- 
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tween the clutch plates. The cooling oil line is vented to the 
disengagement chamber, keeping it full of oil. 

After engagement is complete, the cooling oil valve is closed 
by a time relay control. But the clutch oil valve is held in 
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tween the clutch plates. The cooling oil line is vented to the 
disengagement chamber, keeping it full of oil. 

After engagement is complete, the cooling oil valve is closed 
by a time relay control. But the clutch oil valve is held in 
position by an over-center spring. With the cooling oil shut 
off, the disengagement chamber is partially drained of oil by a 
small hole. This increases the axial force of the clutch plates 
because of the centrifugal pressure of the oil in the engagement 
chamber. At a pre-set speed, the two clutch unloading valves 
open due to centrifugal force. This allows more oil to drain 
from the disengagement chamber and increases the axial force 
on the clutch. 

With one power section and one propeller operating at speed 
sufficient to sustain the propeller air load and pick up the sec- 
ond power section, the second clutch may be engaged. The 
speed sense provides protection from false starts. 

With both power sections shut off during flight, either section 
may be started from the windmilling of the propeller. The 
power sections are started separately in the same sequence as 
occurs when ground starting the second power section. 

PROPELLER BRAKE 

The friction cone-type propeller brake is driven by the first 
stage reduction gear. During engine operation, the brake is 
held in the "off" position by oil pressure acting on a piston. 
When the engine is shut down, the friction clutches are disen- 
gaged and the propeller feathered. This reduction in propeller 
speed decreases the axial force of the oil acting on the piston 
and, at a predetermined speed, the braking surfaces are brought 
into contact. This increases the rate of propeller deceleration. 

The outer member of the brake operates on a helical thread 
so that small reverse movement of the propeller causes the 
brake to be self-energizing. This prevents propeller rotation. 
When the reverse torque is removed from the brake, a spring 
forces the outer member to its original position. 
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QUIZ 

1. List two reasons for having a set of inlet guide vanes on the compressor 
assembly. 

2. What is the function of the vane rings or clips in the compressor as- 
sembly? 

3. Before passing through a series of holes into the front liners of the 
combustion chambers, compressed air is passed through an assembly. 
What is it? 

4. When the fuel-air mixture is burned, the resulting gases pass from the 
rear inner liner into another chamber. What is it? 

5. Where is the fuel-air mixture burned? 

6. What are the three major components of the turbine unit assembly? 

7. Explain the means by which the turbine support is cooled. 

8. Into what system does the rear bearing cooling air escape? 

9. Where is the mounting pad for the tachometer generator located? 
10. What is the function of the check valve in the oil system filter? 
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CHAPTER 12 



J33 TURBO-JET ENGINE 

The J33 turbo-jet engine is composed of four major sections 
or sub-assemblies. These sections are shown in figure 122 and 
are arranged as follows: 

1. Accessory drive assembly. 

2. Compressor unit. 

3. Turbine unit. 

4. Exhaust cone. 

Model J33 engines have a dual-inlet centrifugal compressor 
and a single-stage gas turbine rotor. The compressor rotor 
(or impeller) shaft is connected to the turbine rotor shaft by 
a coupling sleeve. 

Atmospheric air enters on both sides of the compressor cas- 
ing where it is compressed by the double-inlet, multiple-vaned 
impeller. The compressed air passes through the air adapters 
to the combustion chambers (figure 124), where it is admitted 
through a series of holes into the inner liners (flame tubes). 
Here fuel is introduced by nozzles, mixed with air, and burned. 
The exhaust gases leave the combustion chambers through a 
nozzle diaphragm which directs them on the turbine rotor 
buckets, after which they enter the exhaust cone and pass out 
through the tail pipe. The energy of the gases passing through 
the turbine turns the shaft which drives the compressor and 
the accessories. 
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Figure 122. — Major subassemblies of the J33 engine. 



ACCESSORIES 

The accessory drive assembly is mounted on the front of the 
unit. It consists of an accessory gear casing, a train of reduc- 
tion drive gears, an oil reservoir, and the accessories. 

The accessory gear case houses the gear train, rotor cage, 
and oil reservoir. On the front surface of the case are mounted 
the generator, the starter, the main fuel pump, the tube and 
Hcavenge pump, the governor, the tachometer generator, and 
the hydraulic pump. 

All these accessories are driven by means of the reduction 
gnirH in the accessory case. These gears, in turn, are driven 
by the rotor shaft. 

Two different generators are used on the J33-type engine, 
depending upon the electrical wiring system of the airplane. 
Roth urc six-pole, direct -current units with shunt, compensat- 
ing, and commutating windings. One generator is rated at 
6 kilowatts, 200 amperes, 30 volts, at speeds varying from 4,400 
to 8,000 r.p.m. The other, a heavy-duty type, is rated at nine 
kilowatts, 300 amperes, 30 volts, at the same speeds. The 
generator is mounted on the accessory gear case between the 
tachometer generator and the fuel pump. 

The starter is a four-pole, compensated, commutating-type 
motor, rated at 17 volts, 300 amperes, 8.000 r.p.m. for inter- 
mittent operation. It is mounted on the accessory gear case 
at the front of the unit between the tachometer generator and 
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the lubricating and scavenge pump. The starter is used i 
turn the engine rotors only "until the combustion of the u^ 
is self-sustaining. i 

The main fuel pump is a pressure-loaded, gear-type p 
of positive displacement. This unit is mounted on the ac 
sory gear case adjacent to the generator. It has a rated flj 
of 20 gallons per minute at 3,400 r.p.m. and 500 p.s.i. dischaj 
pressure. This is a single-element gear pump with const) 
displacement at any one speed, and has no relief valve. j 

The J33-A-8, J33-A-10, and J33-A-23 models are equipj 
with a mechanically driven, two-element pressure and s(j 
enge pump of the rotary type. It is mounted on the acces^ 
gear case slightly below the center, at the front of the i 
Its lubricating element is rated to give a flow of three gal! 
per minute at 2,400 r.p.m. Its scavenging element is rate< 
10 gallons per minute at 2,400 r.p.m. The total power 
quired to drive the pump at the above ratings is between 
and two horsepower. 

The governor is a bypass valve controlled by centrify 
weights. The valve acts to prevent overspeed of the engini 
excess of 11,500 to 11,615 r.p.m. At this speed, the gover] 
rotates at between 3,396 and 3,430 r.p.m. Centrifugal fd 
causes a weight assembly to move outward and contac 
spring-loaded spindle which operates a linkage mechanism o 
trolling the bypass valve. The governor is mounted on 
accessory gear case at the front of the unit between the f 
pump and the hydraulic pump mounting pad. J 

The tachometer generator is a two-pole, three-phd 
alternating-current generator which is used with an indical 
to record rotor speed. It is mounted on the accessory g< 
case between the starter and the generator. 

The J33-A-8, J33-A-10, and J33-A-23 models utilize 
automatic fuel control valve which meters fuel in respoi 
to variations in engine speeds and altitudes. This control a 
provides an all-speed governor which maintains pilot-selecti 
engine speed regardless of air density or aircraft speed. i 

The drip valve is a flat disk seated on a neoprene ring. E 
purpose is to drain the fuel manifold of all fuel when fuel pre$ 
sure within the manifold is below 5 p.s.i. The valve is con 1 

i 

250 




251 



nected to the lower part of the fuel manifold in alignment with 
combustion chamber No. 8. 

The combustion chamber DRAIN valve is also a flat disk 
seated on a neoprene ring. Used to drain the combustion 
chambers of any unburned fuel, it is located under the adapter 
for the bottom combustion chamber. The valve is connected 
to a drain manifold which is joined to the seven lowest 
adapters. Unburned fuel in the upper chambers drains by 
gravity flow into the lower chambers. This valve is designed 
to open and allow fuel to drain overboard when fuel pressure 
within the combustion chambers falls below 2 p.s.i. gage 
pressure. 

The two spark plugs are of the porcelain core type, and 
have electrodes long enough to extend into the combustion 
chambers. These plugs are mounted in air adapters on the 
lower right and upper left sides of the engine as you view it 
from the rear. 

A spring-loaded check valve in the fuel inlet line to the 
control valve prevents reverse flow of fuel through the main 
fuel control, in the event that the airplane auxiliary fuel pump 
is in operation. 

The lubricating oil filter is a wire mesh-type filter de- 
signed to remove foreign matter from the oil feed lines. It is 
mounted on the discharge side of the lubricating and scavenge 
pump. All oil passing through the lubricating element of the 
pump is filtered before being passed on to the rest of the 
system. 

The J33-A-8, J33-A-10, and J33-A-23 models incorporate 
an air maze removable (filter screen) stack type fuel filter. 
The filter is mounted between the aircraft booster pump and 
the inlet of the engine driven fuel pump and filters all fuel 
entering the main engine fuel system. 

A continuous spark is provided at the engine spark plugs 
during starting by two ignition booster coils mounted on the 
engine and wired in parallel. The coils receive power from 
the engine starter relay through the single-pole, double-throw 
ignition booster switch in the cockpit. Operating the starter 
switch to start the engine automatically operates the booster 
coils. 
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1. Retaining nut. 

2. Tab washer. 

3. Ball bearing. 

4. Oil slinger. 

5. Cotter pin, 

6. Impeller front shaft. 

7. Front guide vane 

sembly. 

8. Dowel. 

9. Impeller. 

10. Dowel. 

11. Rear guide vane as- 

sembly. 

12. Rear impeller shaft. 

13. Oil slinger. 

14. Roller bearing. 

15. Compressor rotor 

coupling hub. 

16. Tab washer. 

17. Retaining nut. 

18. Impeller bolt. 

19. Impeller nut. 

20. i-in. balancing plugs. 

21. i-in. balancing plugs. 



Figure 1 26.— Exploded view of compressor rotor assembly. 
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COMPRESSOR UNIT 

The compressor unit is comprised of a rotor, a compressor 
casing, a diffuser, bearing supports, guide blades, and truss 
rings. 

The coMPBESSOR rotor consists of a double-sided, multiple- 
vaned impeller to which a stub shaft is bolted on either side. 
The rotor is supported by a ball bearing on the front side and 
a roller bearing on the rear (fig. 126). 

The compressor casing consists of two half-casings which 
are separated axially by the diffuser. 

The diffuser is cast with 14 identical air channels which 
conduct the compressed air into the air adapters leading to the 
combustion chambers. 

A truss ring is bolted to each side' of the compressor casing, 
and serves to support the compressor bearing supports. The 
guide blades occupy the space under the truss rings and direct 
the ram air into each side of the impeller. The guide blades 
are covered with a protective screening which prevents foreign 
matter from entering the unit. 

The diffuser of the compressor is connected to the ring and 
tube assembly of the turbine unit by 14 air adapters and 
spacers. The spacers adjoin the diffuser openings. The com- 
bustion chamber end of each air adapter is recessed to absorb 
the tube expansion caused by the heat. Each air adapter con- 
tains a dome-and-nozzle assembly through which the fuel is 
injected into each combustion chamber. 

ROTOR ASSEMBLY 

The compressor rotor and the turbine rotor are united by 
a sleeve-coupling assembly to form the complete rotor as- 
sembly. The assembly revolves on four high-speed anti- 
friction bearings. The front shaft of the compressor rotor is 
splined to the coupling shaft which drives the gears of the 
accessory drive assembly. 

TURBINE UNIT 

The turbine unit consists of a turbine wheel and shaft, a 
nozzle diaphragm, and a series of combustion chambers called 
the ring-and-tube assembly. 
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The low-alloy steel shaft is flash welded to the heat-resistant 
steel wheel. Securely dovetailed into the outer rim of the 
wheel is a continuous circle of curved blades. The end of the 
shaft opposite the wheel is splined to fit the coupling which 
joins the turbine shaft to the compressor shaft. 

The nozzle diaphragm is composed of two spacer rings which 
support a full circle of curved blades designed to direct the gas 
against the blades on the wheel. A third ring, which supports 
the diaphragm in the turbine unit, has a baffle welded to it to 
prevent the exhaust gases from overheating the rear bearing. 

The ring-and-tube assembly in which combustion takes 
place consists of 14 interconnected stainless-steel cylinders 
which converge on a supporting ring. Each tube contains a 
removable liner which is joined to its adjacent liner by means 
of cross-over tubes. Each tube is equipped with a piston ring 
arrangement which enables the tube to slide into the air 
adapter to absorb the expansion caused by the heat of combus- 
tion and to prevent air leakage. 

The turbine bearings are housed in the turbine bearing sup- 
port which is located in the center of the ring-and-tube 
assembly. 

EXHAUST CONE 

The exhaust cone is a tapered, cylinder-shaped outlet for 
the exhaust gas. A closed, bullet-shaped cone inside the ex- 
haust cone permits ejection of a gradually expanded jet. The 
exhaust cone is bolted to the rear end of the unit over the tur- 
bine wheel. The inner cone is supported within the outer cone 
by four streamline vanes, called brace assemblies. 

The exhaust cone is made of stainless-steel sheets, reinforced 
at each end with stainless-steel flanges. To keep as much of 
the heat energy as possible within the exhaust cone, it is cov- 
ered with a layer of aluminum screen, a layer of aluminum foil, 
a layer of monel screen cloth, a layer of inconel knutted mesh, 
a layer of Amosite asbestos fiber, and a layer of inconel crimp 
• knit mesh. The outer layer of screening is laced together with 
stainless-steel wire. 
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LUBRICATION SYSTEM 

The unit is lubricated by a simple wet sump system (fig. 
127) . The supply reservoir is an integral part of the accessory 
drive gear casing and is formed by the gear casing and the 
front bearing support casing. 

Lube oil is delivered under pressure to the bearings by me; 
of a two-element lube and scavenge pump. The pump 
located on the accessory gear casing and has a port on 
mounting flange which is in direct contact with the oil in 1 
reservoir. The lube oil passes from the lube element of i 
pump to an oil filter, and then through external tubing to % 
four rotor bearings and the couplings. Oil is directed into $ 
couplings and bearings through a series of six oil jet nozzles, j 

Oil is returned to the reservoir by gravity and pump suctid 
The front compressor bearing and the shaft of the accessoi 
drive both drain directly into the reservoir. The oil from tt 
three other bearings and from the coupling drains into a sumf 
from the sump it is drawn by the scavenge element of the lull 
and scavenge pump to the oil reservoir. • 

All of the gears and bearings in the accessory drive casinj 
are lubricated by means of a splash system emanating from thj 
gear which drives the lube and scavenge pump. This gear 1 
located in a special compartment under the oil level. Oil i 
admitted to the compartment through an orifice which controli 
the quantity of oil used for lubricating the gears and bearings, 
and prevents the oil in the reservoir from being churned into 
foam. 

A baffle in the reservoir prevents surging of the oil during 
maneuvers and negative accelerations. The lube pump run* 
dry under inverted flight conditions, but the spline and gear 
couplings will operate for short periods without being damaged. 
A vent tube, which passes over the gear case, vents the reser- 
voir to the aft section of the airplane nacelle. Oil pressure at 
all times may be observed on an indicator located on the con- 
trol panel of the airplane. 

FUEL SYSTEM 

The fuel system (figure 128) contains the following: 



256 



ii . 



1 



1. Fuel filter. 

2. Fuel pump. 

3. Main engine fuel control. 

4. Starting fuel control. 

5. Drip valve. 

6. Drain manifold and drain valve. 

7. Fuel manifold and fuel nozzles. 

8. Check valve. 

The drain manifold and drain valve are connected to the 
lower combustion chambers. This unit drains the fuel when 
the engine is shut down, in order to avoid accumulation in the 
combustion chambers. The fuel manifold directs fuel to the 
nozzles. Equal distribution of fuel in all 14 combustion cham- 
bers is provided through the fuel nozzle in each chamber. 

WATER-ALCOHOL SYSTEM 

In order to improve the thrust rating at low altitudes, the 
J33-A-8 and J33-A-23 engines include water-alcohol injection 
equipment for the purpose of injecting a water-alcohol mixture 
into the compressor air inlet. 

A water-alcohol injection manifold is mounted on the front 
truss ring, located around the front compressor inlet area. 
Fourteen nozzles, located in the manifold, spray the water- 
alcohol mixture into the front side of the compressor. Four- 
teen branch tubes, leading from the manifold back over the 
diffuser, spray the mixture through nozzles into the rear side 
of the compressor. 

ELECTRICAL SYSTEM 

The electrical system on late-model engines consists of a 
starter, generator, ignition harness with radio noise filter and 
condenser, two shielded high-tension leads and coil assemblies, 
and two ignition plugs. Figure 129 is a schematic diagram of 
the electrical system, as mounted on the engine. A main 
connector bracket assembly is mounted on the tachometer gen- 
erator mounting adapter. Leads are provided from the con- 
nector to the tachometer generator and the generator. Addi- 
tional leads are supplied from the connector for use with an 
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Figure 129. — Wiring diagram of electrical system. 



oil thermostat and oil heater. There is an unshielded low- 
tension lead secured by three clamps which leads from the 
main connector bracket to the noise filter. The noise filter and 
ignition coils are mounted on the front truss ring mounting 
studs of the compressor casing. The coils and filter are con- 
nected together by low-tension shielded leads. From each coil, 
a shielded high-tension lead connects to each ignition plug. 
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OUIZ 

1. What is the type of air compressor employed in the J33 engine? 

2. Is the main fuel pump in the J33 of the constant displacement, or of 
the variable displacement type? 

3. Where is the accessory drive assembly mounted on the J33? 

4. What is the function of the drip valve? 

5. Does the J33 use the wet sump, or the dry sump lubrication system? 

6. How many combustion chambers does the J33 employ? 

7. What is the purpose of the water-alcohol injection system found in the 
J33-A-8 and J33-A-23 engines? 

8. Where is the water-alcohol spray introduced into the engine? 
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CHAPTER 13 



J34 TURBO-JET ENGINE 

The Westinghouse J34 turbo-jet engine is specifically de- 
signed for jet propulsion of aircraft. This engine consists 
essentially of an axial flow, eleven-stage compressor; a double 
fuel manifold; a double annular combustion chamber; a two- 
stage turbine; and a fixed position exhaust nozzle. Figures 
130 and 131 show the bottom and cutaway views, respectively, 
of the J34-WE-22 engine. 

The engine rotor, which includes the rotors of the turbine and 
compressor, is the only major moving part. It is supported on 
three anti-friction bearings. The No. 1 bearing carries the net 
thrust of the compressor and turbine. 

The lubrication system is entirely self-contained on the en- 
gine except for the oil reservoir. The accessories, mounted on 
the gearbox, consist of a combined fuel pump and all-speed 
governor, an emergency fuel pump, and a lubricating fuel 
pump. These are driven, through suitable reduction gearing, 
by the shaft of the main engine rotor. Additional mounting 
pads on the gearbox provide for engine-driven aircraft acces- 
sories. 

This engine does not require a warm-up when starting. 
When running, only one adjustable control is required. This 
is the throttle lever, which is linked to the all-speed governor. 
This governor controls the fuel flow to the fuel nozzles so as to 
maintain approximately constant engine speed corresponding 
to any throttle setting for all flight conditions. 
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Figure 131.— J34-WE-22 engine cutaway. 



In engine operation, moving air enters the front end through 
the oil cooler and passes through the No. 1 bearing support. 
Here the inlet guide vanes direct the stream into the axial flow 
compressor. And here the pressure is increased and the air 
directed into the combustion chamber at an increased pressure 
of approximately four atmospheres. 

Fuel at high pressure is supplied to the fuel manifolds and 
atomized by the fuel nozzles which spray it into the com- 
bustion chamber. Combustion is accomplished here as the 
atomized fuel mixes with the pressurized air from the com- 
pressor. The hot gases are directed through the turbine 
nozzles against the turbine blades. A part of the energy of the 
gases rotates the turbine which provides the mechanical power 
to drive the compressor and the accessories. The gases leave 
the turbine with a high velocity and are expelled through the 
exhaust nozzle. 

OIL COOLER 

The oil cooler is mounted on the forward flange of the No. 1 
bearing support and is connected in the oil line between the 
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relief valve and the check valve. It is fabricated from 
rectangular-sectioned aluminum tubing, spirally wound be- 
tween two end flanges to form a cylinder. Two bosses are 
provided for oil inlet and outlet connections. 

The purpose of the cooler is to reduce the temperature of the 
hot oil from the bearings for recirculation. Since the cooler 
acts as an inlet air duct, cooling effect occurs whenever the en- 
gine is operating. The forward flange of the cooler is designed 
for attachment to the aircraft inlet air duct. 



NO. 1 BEARING SUPPORT 

The main components of the No. 1 bearing support assembly 
are the accessory gearbox drive shaft, clutch shaft, compressor 
inlet guide vanes assembly, housing casting, and the power 
take-off gearbox. Figure 132 is a cutaway view of the No. 1 
bearing support. 

The cast magnesium housing has an inner ring and an outer 
ring connected by four integral radial struts. These struts are 
numbered from 1 to 4, inclusive, in a counterclockwise direc- 
tion, beginning with the bottom strut. A pad is cast on the 
bottom of the housing for mounting the accessory gearbox. 
The oil cooler is mounted on the forward flange of the outer 
ring while the compressor housing is attached to the rear flange. 

The power take-off gearbox is mounted on the forward face 
of the inner ring which also provides spring clips and a pin for 
positioning the starting motor cowl. A radial passage of the 
No. 3 strut connects with an inclined passage to the rear face 
of the inner ring to vent the No. 1 bearing to the atmosphere. 

The forward radial passage through the No. 4 strut acts as 
the air passage of a pressure rake for compressor inlet total air 
pressure. Twenty-two small holes are drilled in the leading 
edge of the strut to connect with the radial passage. A tee- 
fitting in the outer end of the radial passage connects with the 
lines to the governor and to the pilot's cockpit. The rear 
radial passage houses the starter cable. 

The forward radial passage in the No. 1 strut acts as an oil 
drain passage from the interior of the inner ring to the gear- 
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box mounting pad. The rear radial passage houses the acces- 
sory gearbox drive shaft. 

The forward radial passage through the No. 2 strut conducts 
lube oil to a spray fitting for both the No. 1 bearing and the 
power take-off gearbox. The rear radial passage accommo- 
dates the leads of the No. 1 bearing thermocouple. 

The no. 1 bearing is attached to the rear of the inner ring. 
This single-row ball bearing is assembled on the front end of 
the compressor rotor. 

The clutch shaft is externally splined at its rear end to 
enter the spline flange attached to the forward end of the com- 
pressor rotor. Another external spline near the middle con- 
nects the shaft with the internal spline in the power take-off 
pinion. A three-tooth clutch jaw is machined on the forward 
end of the clutch shaft and engages the jaw teeth on the starter 
when starting. This clutch shaft transmits power from the 
engine rotor (or from the starter) through the power take-off 
gear and pinion to drive the accessories mounted on the 
gearbox. 

The accessory drive shaft is splined into the power take-off 
gear at its inner end, and into the spline coupling in the end of 
the accessories gearbox input shaft at its outer end. This ac- 
cessory drive shaft transmits power from the engine rotor (or 
from the starter) through the gear and pinion to drive the 
accessories on the gearbox. 

The power take-off gearbox, shown in figure 132, is 
mounted on the front face of the inner ring of the No. 1 bear- 
ing support. Its function is to transmit power from the engine 
rotor (or the starter) to the accessories mounted on the gear- 
box. The starter is mounted on a pad machined on the for- 
ward face of the power take-off gearbox. 

The power take-off gearbox consists of a housing which en- 
closes the supporting bearing assemblies of the power take-off 
gear and pinion. The power take-off gear is supported by a 
duplex ball bearing in the lower portion of the gearbox, and a 
roller bearing supports the lower end of the gear. The power 
take-off pinion is supported by a duplex ball bearing on the 
forward end of the pinion shaft, and a roller bearing in the 
after end of the bearing housing. 



COMPRESSOR 

Hie axial flow compressor consists of a compressor rotor and 
a compressor housing. 

The major parts of the rotor assembly, shown in figure 133, 
are a shaft (14), sleeve (8), eleventh -stage disc (23), blades 
(5), and extension shaft (30). The No. 1 bearing (7) is in- 
cluded in the diagram to show the spline flange (2) through 
which the clutch shaft is connected to the compressor rotor. 
The No. 2 bearing (28) is also included. The steel sleeve (8) 
is shrunk on the aluminum shaft (14) to form the journal for 
the No. 1 bearing assembly. The steel eleventh -stage disc 
(23) is bolted to the after end of the shaft (14). The steel 
extension shaft (30) is bolted to the disc (23) . The disc (23) , 
the extension shaft (30) and rotor (14) have spigot fits for 
accurate alignment with each other. The blades (5) are 
pressed and locked into slots in the discs. The after end of 
the extension shaft is tapered to mate with the tapered hole in 
the forward end of the turbine shaft, and the end is threaded 
for the connecting locknut. Forward of the taper the exten- 
sion shaft is externally splined for the coupling sleeve. Seal 
lands (15) are formed on the sides of each disc for close clear- 
ance with the seal strips in the inner shrouds of the vanes as- 
semblies. Balancing rings (12) and (22), on the first and 
eleventh -stage discs, are machined in balancing the compressor 
rotor assembly. 

The housing (fig. 134) consists essentially of a cylinder with 
12 vane assemblies fitted into internal grooves in the housing. 
The vane assemblies are located to alternate with the blade 
rows of the rotor. Each vane assembly is made in two pieces, 
and each half is secured in the housing by retaining • screws. 
To facilitate assembly, the housing is also made in four sec- 
tions — the upper inlet, lower inlet, upper outlet, and lower out- 
let, bolted together at their radial and horizontal flanges. The 
annular area (occupied by the blading of the housing and 
rotor) decreases rearward to provide greater compression. 
Aft of the blading, the housing becomes part of the outer wall 
of the compressor diffuser section. At this point, the annular 
area is increased to make a well-rounded entrance to the com- 
bustion chamber diffuser. 
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Figure 134. — Compressor housing. 



COMBUSTION CHAMBER SECTION 

The combustion chamber section is the portion of the engine 
between the compressor and the turbine. Its primary func- 
tions are (1) to mix fuel with air from the compressor in the 
proper proportion for good combustion, (2) to burn this mix- 
ture, and (3) to cool the hot products of combustion to a tem- 
perature which the turbine blade material will withstand under 
operating conditions. Its secondary functions are (1) to sup- 
port the No. 2 and No. 3 bearing housings, (2) to provide the 
main engine supporting trunnions, and (3) to house the oil and 
scavenge tubing and thermocouple leads for the number 2 and 
number 3 bearings. 

The functions of the combustion chamber diffuser are 
(1) to diffuse the air from the compressor and divide it into 
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three concentric annular streams for supplying the combus- 
tion chamber liner, (2) to support the fuel manifold rings and 
their 60 fuel nozzles, (3) to support the No. 2 and No. 3 bear- 
ings, (4) to house the oil and scavenge tubing and thermo- 
couple leads of these bearings and partly insulate them from 
combustion temperature, and (5) to provide the two main 
engine supporting trunnions. As shown in figure 135, coarse 
wire mesh screens are clamped on the manifold at the rear end 
of the diffuser section to aid in proper distribution of air to 
the combustion chamber. The compressor diffuser cone is 
attached to the front of the combustion chamber diffuser. 
Figure 136 is a cutaway view of the diffuser. 

The combustion chamber liner is bolted to lugs on the fuel 
manifold. Twenty-four fuel nozzles are screwed into the inner 
fuel manifold ring and 36 into the outer ring. The nozzles 
project into the two concentric sections of the combustion 
chamber liner where the fuel from the nozzles and air from the 
compressor are mixed, ignited, burned, and cooled. 

The liner is perforated with holes increasing in size toward 
the rear to give proper air distribution. Primary air enters the 
liner through the up-stream holes to initiate the combustion 
process, while secondary air enters through the down-stream 
holes to reduce the temperature of the hot gases. 

The combustion chamber housing is a steel cylinder bolted 
to the rear flange of the diffuser. This cylinder is the outer 
cover of the combustion chamber and extends aft to the turbine 
housing. Two drilled and tapped bosses for the spark plugs 
are located near the front of the housing. 

TURBINE SECTION 

Mechanical power for driving the compressor rotor and the 
engine driven accessories is supplied by the axial flow, two- 
stage turbine. Each stage consists of a turbine nozzle as- 
sembly, followed by a rotating blade assembly. The hot gases 
from the combustion chamber flow through the first-stage tur- 
bine nozzle assembly and are directed against the rotating 
blades of the first-stage rotating turbine disc. The gases then 
pass through the second-stage turbine nozzle assembly and are 
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■Combustion chamber dlffuw cutaway. 



tube. 9. Scavenge tube. 13. Outer screen, 

tube. 10. Fuel nozzle. 14. Inner screen, 

boss. 11. Oil supply boss. 15. Mounting trunnion. 

>e. 12. Liner mounting lug. 16. Thermocouple boss. 



directed against the blades of the second-stage rotating disc. 
The gases give up part of their energy to drive the turbine rotor 
and then flow into the exhaust section. 

The turbine rotor (fig. 137) is made up of a steel shaft, first- 
stage disc and second-stage disc, accurately fitted and bolted 
together. High-temperature alloy blades are locked in grooves 
broached in the periphery of the discs. The entire turbine 
rotor is both statically and dynamically balanced. The for- 
ward end of the turbine shaft has a tapered hole which mates 
with the tapered end of the compressor stub shaft. The ends 
of the turbine shaft and the stub shaft are externally splined 
to mate with a splined coupling sleeve which carries the tor- 
sion load between the compressor and turbine rotors. They 
are secured together by a locknut, on the end of the stub shaft. 




Figure 137. — Turbine section cutaway. 




Figure 138. — Exhaust collector and cone. 



The stator element of the turbine is made up of the first and 
second nozzle vane assembly, each housed in the combustion 
chamber immediately forward of its rotor disc. The nozzle 
vanes are of high-temperature alloy. The first-stage turbine 
nozzle vanes are loosely fitted in their shrouds, while the 
second-stage vanes are welded into their shrouds. 

The fixed-type exhaust collector is a welded assembly made 
of corrosion-resistant sheet steel and is bolted to the rear flange 
of the turbine housing. It consists of an inner cone and an 
outer casing connected by three radial hollow struts, as shown 
in figure 138. 

The annular area between the cone and casing increases rear- 
ward. The exhaust gases from the turbine pass through this 
area and gradually form a solid jet at the optimum velocity to 
produce maximum thrust for the propulsion of the aircraft. 
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Three bosses on the outer casing, one opposite the end of each 
stmt, provide for installation of the turbine outlet thermo- 
couples. Another boss on the outer casing permits the instal- 
lation of a pressure rake, when required for testing. 

ENGINE ROTOR AND MAIN BEARINGS 

The engine rotor assembly is made up of the compressor 
rotor and turbine rotor, individually balanced and coupled by 
an internally splined coupling sleeve and a locknut. The rotor 
is coupled through the clutch drive shaft to the accessory drive 
pinion. 

The engine rotor is supported on three bearings, each fitted 
in a spherical mount to permit self-alignment of the engine 
rotor regardless of vibration and a certain amount of distortion 
or warping of the airframe. 

The No. 1 bearing is mounted in the rear of the front bear- 
ing support. It is a single-row ball bearing- taking both thrust 
and radial loads. It is built to continue functioning even 
though the ball bearing should fail. 

The No. 2 bearing and housing assembly is supported by the 
support ring on the front of the combustion chamber diffuser. 
It is a single-row uncrowned roller bearing carrying radial 
loads only. 

The No. 3 bearing and housing assembly is bolted to the 
support on the first-stage turbine nozzle assembly which is 
secured in the rear of the combustion chamber housing. The 
bearing itself is identical with the No. 2 bearing, and the hous- 
ing is similar except that the shape is modified for attachment 
to its support. 

ACCESSORY GEARBOX 

The accessory gearbox (see fig. 139) is a magnesium alloy 
T-shaped casting which houses and supports the accessory drive 
gear trains. Mounting pads are cast and machined on this 
casting for the engine driven accessories. On the rear are the 
pads for the oil and scavenge pump, the governor, and the 
generator. On the front face of the gearbox is a mounting pad 
for the emergency fuel pump and additional pads for a hy- 
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1. Emergency fuel pump. 4. Fuel control. 

2. Hyd or vac pump drive. 5. Oil and scavenge pump. 

3. Accessory gearbox. 6. Tach generator drive. 



Figure 139. — Osarbox and attached accenorlti. 

draulic or vacuum pump and for a tachometer generator. The 
gearbox is attached to the mounting pad on the No. 1 bearing 
support. Mechanical power from the engine rotor is trans- 
mitted to the gearbox through the power take-off gearbox 
which is connected to the accessory gearbox by the splined 
accessory drive shaft in the No. 1 bearing support. 

LUBRICATION SYSTEM 

The circulating oil system (fig. 140) lubricates the accessory 
gearbox, the power take-off gearbox, and the three main bear- 
ings. Oil is drawn from a reservoir by the lube element of the 
six-element oil and scavenge pump. From the pump, high- 
pressure oil flows through a filter and a relief valve to the oil 
cooler. The relief valve protects the system by returning a 
portion of the oil to the pump intake when excessive pressure 
occurs. 

After circulating through the cooler the oil passes through a 
check valve to a cross fitting. Lines from the cross fitting 
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carry the oil to the three bearings and the accessory gearbox. 
The power take-off gearbox receives its lubrication through 
passages in the No. 1 bearing support. 

The five scavenge elements of the pump drain the oil from 
the front and rear of both the No. 2 and No. 3 bearings, and 
from the gearbox. Oil scavenged from the accessory gearbox 
includes the oil from the No. 1 bearing and the power take-off 
gearbox. 

The oil and scavenge pump consists of six gerotor units. 
The lubrication gerotor has its own intake and discharge ports 
with pipe connections on the sides of the pump body. Each 
scavenge element has a separate intake but all discharge into 
a common port with pipe connections on the end of the pump 
body. Each scavenge element has sufficient capacity to handle 
the entire flow of the lubrication pump, and is not affected by 
the operation of the other elements. 

The oil filter is a replaceable element type, designed to 
remove foreign matter from the oil in the lubrication system. 
It is connected in the line between the oil pump and the relief 
valve and is mounted on a bracket attached to the compressor 
housing. 

When the filter element becomes clogged by foreign particles 
in the oil stream, the two relief valves incorporated in the head 
of the filter assembly open at a maximum pressure differential 
of 50 p.s.i. and bypass the oil through the head, thereby insur- 
ing oil flow to the bearings even if the filter element is clogged. 

The high pressure relief valve is connected in the line 
between the filter and the oil cooler. Its function is to limit 
the pressure of the oil delivered to the bearings. It is a spring- 
loaded piston valve, set so that it will begin to open at a pres- 
sure of 150 p.s.i., and return part of the oil to the pump inlet. 

The check valve is connected in the line between the oil 
cooler and the cross fitting. The function of the check valve 
is to prevent oil from draining from the lines after the engine 
is shut down and to eliminate the necessity of priming the oil 
system before each start. 

The metering plug assembly consists of a body, three 
metering plugs, a retainer, and an end fitting. The metering 
plugs are arranged in series, with their orifices staggered to 



provide a pressure drop. Lubricating oil for the outer ball 
bearings and roller bearings of the accessory drive shaft passes 
through the metering plug. 

FUEL SYSTEM 

The fuel system (fig. 141) includes an all -speed governor, 
emergency fuel pump, fuel filter, fuel dump valve, 2 fuel mani- 
folds and 60 fuel nozzles. The governor assembly includes 
the primary fuel pump, a pump selector valve, and the gov- 
erning mechanism. 

In operation, fuel is drawn from a reservoir by a booster 
pump and delivered, at a pressure of about 15 p.s.i., through 
a filter to the inlets of the primary fuel pump and the emer- 
gency fuel pump. 

Fuel at high pressure is discharged from the governor and 
flows to the dump valve. Tubing inside the engine conducts 
the flow to the inner and outer rings of the fuel manifold in the 
combustion chamber diffuser. Here it is sprayed from the 
fuel nozzles and mixed with pressurized air from the compres- 
sor to burn in the liner of the combustion chamber. 

When the engine is shut down, the drop in pump discharge 
pressure operates the dump valve which shuts off all flow from 
the governor and drains residual fuel from the manifolds. 
This results in a clean cutoff of the combustion. 

To sustain operation in the event of primary fuel pump 
failure, the emergency fuel pump automatically supplies fuel 
to the governor by the action of the pump selector valve. 

The purpose of the governor is to maintain a relatively con- 
stant engine speed for a fixed throttle setting regardless of 
engine operating conditions. The governor includes in a single 
unit, the primary fuel pump, the pump selector valve, and the 
control mechanism. The unit is mounted on the accessory 
drive gearbox and is positively coupled to the engine rotor. 

The emergency fuel pump is mounted on its own pad on the 
accessory drive gearbox and runs at the same speed and has 
the same capacity as the primary pump. Its purpose is to 
sustain the operation of the engine in the event of failure of 
the primary fuel pump. 
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The fuel filter is located in the actuating pressure line 
from the governor to the dump valve. The filter assembly 
consists of a case and a head, containing a filter element and 
a spring-loaded relief valve. 

The relief valve keeps the relief port shut while fuel is able 
to pass through the filter. When the filter element becomes 
clogged, the increased pressure on the valve opens the relief 
port and bypasses the fuel around the element to the dump 
valve actuating line. 

The fuel dump valve is designed to clear the fuel manifolds 
of residual fuel when the engine is shut down. It is located in 
the fuel supply line between the governor and the fuel mani- 
folds and is mounted, with an adapter, on the bottom of the 
combustion chamber diffuser. 

The inner and outer fuel manifold rings are mounted con- 
centrically in, and welded to, radial brackets. The radial 
brackets, in turn, are welded to the trailing edges of the radial 
struts of the combustion chamber diffuser. The manifold rings 
are concentric with, and normal to, the axis of the engine. 

Each manifold ring is a circular header of steel tubing with 
equally spaced, tapped bosses for the fuel nozzles and tapped 
mounting lugs for the combustion chamber liner. 

Each manifold ring is streamlined by a segmented fairing 
welded to the ring. This arrangement makes for a smooth 
airflow and, at the same time, tends to provide proper distribu- 
tion of air to the three annular passages through the combus- 
tion chamber. 

After passing through the dump valve, fuel flows through 
separate tubes to the inner and outer manifold rings and is then 
sprayed into the combustion chamber by the atomizing type 
fuel nozzles. These nozzles discharge fuel into the combus- 
tion chamber where it burns as it mixes with compressed air. 
There are 36 nozzles in the outer manifold ring and 24 in the 
inner ring. Each nozzle has a nominal capacity of 7.5 gallons 
per hour at a pressure drop of 100 p.s.i. 
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ELECTRICAL SYSTEM 

The sole function of the electrical system is to start the en- 
gine. Once the engine is operating, the electrical system is 
not involved in sustaining operation or in stopping the engine. 



Cockpit 




Plane 



11 1 I 



» 4. 



11 J, 1 1" 



8 ~-X~24V 



1. Control timer. 

2. Resistors. 

3. Connector (AN-3106-10S-2S). 

4. Ignition coils. 

5. Spark plugs. 

6. Starter contractor. 

7. Starter. 




8. Kxternal power source. 

9. Plane power source. 

10. Master switch. 

11. Starting switch. 

12. Connector (AN3106-14S-9P). 

13. Connector (AN3106-14S-9S). 



Figure 142. — Electrical lytltm. 



The electrical system (fig. 142) comprises the following com- 
ponents: one control timer switch, one control timer, two 
contactors, one starter, one 24-volt d.-c. battery, two ignition 
coils, two spark plugs, and one ram start switch. 

The control timer switch is a single-pole, single-throw, 
momentary-contact switch, located in the cockpit. Momen- 
tary closing of the starting switch initiates the starting cycle 
by energizing the control timer. 

The function of the control timer is to close and maintain 
the electrical circuits to the starter motor and the ignition coils 
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for a period of approximately 30 seconds, thus allowing suffi- 
cient time for engine operation to become self-sustaining. 
Overheating of the starter motor is thus prevented by con- 
fining its operation to this short period. 

The function of the starter solenoid contactor is to close 
the circuit to the starter motor when the coil of the solenoid is 
energized by action of the control timer. At the end of the 
30-second starting cycle the coil of the solenoid is de-energized 
by action of the control timer and the starter motor circuit is 
broken. This unit comprises a 24- volt d.-c. solenoid and a 
set of heavy-duty 200-ampere contacts. 

The function of the starter is to accelerate the engine rotor 
to a speed sufficient to give self-sustained operation of the en- 
gine. The starter motor operates for periods of not more than 
30 seconds, operation being initiated and stopped by action of 
the control timer. 

The starter comprises a 10-horsepower, 24-volt d.-c. com- 
pound wound motor; a 4 to 1 ratio, speed-reducing gear train; 
an adjustable torque-limiting clutch (friction disc type) and 
a three-tooth driving jaw. With 17 volts d.c. maintained 
across the starter motor terminals, the starter is capable of de- 
livering a 35 lb.-ft. torque at an output speed of not less than 
1,500 r.p.m. 

The function of the ignition coils is to provide the high 
voltage required for ignition. Their operation during the 
30-second timing cycle is controlled by the control timer. Two 
coils are used in each engine. The coil primaries are wired 
in parallel and the high-tension output of each coil goes to its 
respective spark plug. The rating of each coil is 1.0 to 1.2 
amperes at 24 volts d.c. Ignition coils are mounted upon and 
grounded to the compressor housing. 

For ram or windmill starts, the ignition system (including 
coils and spark plugs) may be operated without the starter, 
and with or without the control timer. 

Two spark plugs ignite the fuel-air mixture in the combus- 
tion chamber during the 30-second starting cycle. The plugs 
are mounted near the bottom of the combustion chamber hous- 
ing and protrude through the outer wall of the liner to place 
the spark in the annular stream of the fuel and air mixture. 
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QUIZ 



1 Does the J34 employ an axial flow or a radial flow air compressor? 

2. Explain the action of the electrical circuit using the following elements: 
control timer switch, control timer, starter solenoid contactor, starter, 
ignition coils, spark plugs. 

3. Ls the compressor housing on the J34 a one-piece, two-piece, or four- 
piere unit? 

4. How many fuel manifold rings does the J34 employ? 

5. Where are the fuel mnnifold rings located? 
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CHAPTER 14 



J42 TURBO-JET ENGINE 

The model J42-P-4 or J42-P-6 engine is a turbo-jet power- 
plant which employs a single-stage, double-sided, centrifugal 
compressor. This engine also uses a single-stage turbine and 
nine radially-arranged axial flow-type combustion chambers. 
Figures 143 and 144 show the left and rear view, respectively, 
of the J42 engine. 

This model engine has three major sections (fig. 145) which 
are arranged from front to rear in this manner: 
Accessory 

Compressor and turbine 
Exhaust 

Except for the fuel system, the models J42-P-4 and J42-P-6 
engines arc basically the same. Fuel pumps on the J42-P-4 
are mounted on adapters and are lubricated by adding oil to 
the fuel. The fuel pumps on the J42-P-6 engine are mounted 
directly on the accessory case and are lubricated by the fuel. 

ACCESSORY SECTION 

The accessory section of the J42 engines is comprised of the 
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accessory case, the case cover assembly, the various engine 
accessory drives, and a wet oil sump. 

The accessory case (fig. 146) is mounted on the front bear- 
ing case assembly. It is a machined magnesium casting in- 
corporating patls for mounting the various engine accessories, 
the oil pump, the oil sump, and a breather. A fuel filter and a 
fuel pressure and shut-off valve are also mounted on the case. 
Inside the case are housed the various drives. Cored passages 
and oil tubes are provided to supply lubrication and to drain 
oil from the case. 



IGNITER LOW TENSION CONNECTION (SOLENOID) 
ISMTER HIOH TENSION CONNECTION 
LIFTING LINK (REAR) 





Figure 143.— Left tide view of Model J42-P-6 engine. 



The gear train of the accessory section provides drives for 
the following units: 

Two fuel pumps 

Generator 

Starter 

Fuel control 

Auxiliary unit 

Power take-off 

Tachometer 

Auxiliary fuel booster pump 

The reduction gearing inside the case provides suitable drive 
speeds for each accessory. 

The wet oil sump is mounted on the bottom of the accessory 
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Figure 144. — Rear view of the J42 engine. 



case. This unit encloses a dual oil pump, two pressure oil 
strainers, a scavenge oil strainer, and a de-aerator. Cored 
passages and oil tubes supply oil to, and drain oil from, the 
accessory case. 

The cover assembly (fig. 147) supports the accessory drive 
shaftgear and the upper and lower accessory intermediate drive 
gears through ball bearings mounted in the cover. The acces- 
sory gear train is driven by the rotor assembly through the 
accessory drive shaftgear coupling which splines with the shaft- 
gear and the rotor assembly compressor hub. 
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ACCESSORY COMPRESSOR AND TURBINE EXHAUST 
SECTION SECTIONS SECTION 




Figure 145. — Three major sections of the J42 fur bo-jet engine. 
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Figure 146. — Accessory case. 
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COMPRESSOR AND TURBINE SECTION 



The compressor and turbine section is composed of the 
following assemblies: 
Front bearing case 
Front screen support 
Compressor case 
Rear screen support 
Center bearing case 
Rear bearing case 
Combustion chamber support 

Compressor rotor and turbine rotor balancing assemblies 

The complete rotor assembly is supported at each end by a 
roller bearing, and at the center by a deep groove ball bearing. 
This latter ball bearing supports axial thrust and radial load. 

A single-sided centrifugal cooling air impeller is mounted 
on the rear of the compressor shaft, forward of the center bear- 
ing. Just rear of the center bearing is the connecting coupling 
which allows for slight misalignment under running conditions. 

Nine combustion chambers are equally spaced around the 
compressor and turbine section. These chambers converge 
rearward into the combustion chamber support assembly. 

Shown in figure 148 is the front bearing and front bearing 
case assembly, which supports the accessory case and the com- 
pressor hub. The contour of the rear surface of the case forms 
an entrance for the air into the compressor. The thread-type 
oil seal at the rear of the bearing is pressurized by air from an 
external line connected to the compressor case to minimize oil 
leakage along the compressor hub. Oil tubes and fittings are 
mounted on the front surface of the case to provide oil flow to 
and from the bearing. 

The front and rear screen support assemblies (figures 149 
and 150) are bolted to the front and rear sides of the com- 
pressor case, respectively. They serve as an air entrance to 
the compressor and as a support for the front and center bear- 
ing cases. A wire mesh screen covers every support. This 
screen prevents the entry of foreign matter into the compressor. 

The compressor front and rear inlet vane assemblies are sup- 
ported, respectively, within the front and rear screen support 



285 



-J *UJ 




o 

J 

o 




a 



286 




Figure 148. — Front bearing and front bearing cace actembly. 




FRONT AIR FRONT AIR INLET FRONT AIR INLET FRONT AIR INLET 

INLET SCREEN SCREEN SUPPORT GUIDE VANE GUIDE VANE SUPPORT 



Figure 149. — Front screen support assemblies. 
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assemblies. The vanes provide a pre-swirl effect and distrib- 
ute the air across the eye of the impeller before the air stream 
reaches the compressor. 

The compressor case consists of a front and rear section. 
When bolted together, the case houses the compressor rotor. 
The diffuser, located inside the rear case, has tapered face 
vanes. These insure abutment of the vane tips when the case 
sections are bolted together. Three engine mounting brackets 
and two lifting eyes are located on the periphery of the com- 
pressor rear case. 





\ REAR AIR INLET 
GUIDE WNE SUPPORT 




REAR AIR INLET 
GUIDE VANE 



REAR AIR INLET 
SCREEN SUPPORT 



REAR AIR 
INLET SCREEN 



Figure 150 



screen support assemblies. 



Inlet ducts which conduct the air to the combustion cham- 
bers are bolted to the facings of the nine air outlet ports located 
on the compressor rear case. Three cascade vanes, designed 
to reduce air pressure losses, are fitted into the bend of each 
inlet duct (fig. 151). A fuel nozzle assembly is mounted on 
each inlet duct. This nozzle projects into the cover and liner 
of its respective combustion chamber assembly. 

The combustion chamber assemblies are of the straight 
flow type. Each assembly consists of three sections — inner 
section (liner) , outer casing (combustion chamber) , and the 
combustion chamber cover. The combustion chamber liner 
incorporates an assembly of flare, grid, and swirl type vanes. 
These vanes are fitted into the primary air inlet entrance of the 
liner cone. The combustion chamber cover is bolted to the 
combustion chamber to form a complete assembly. 
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Figure 151. — Combustion chamber inlet ducts. 



A spherical spacer is placed between the mating faces of the 
combustion chamber assembles and combustion chamber inlet 
ducts before they are bolted together. The discharge end of 
the chamber slides into the combustion chamber support. This 
allows axial expansion while forming a gastight slip connection. 
The chambers are connected by tubes. These tubes allow a 
pressure balance in adjacent chambers and serve as flame 
transfer tubes from the two chambers which contain the start- 
ing igniters. 

An igniter incorporated in each of the No. 3 and No. 8 com- 
bustion chambers begins the combustion which rapidly pro- 
gresses from chamber to chamber through the interconnecting 
tubes. 

Combustion chambers Nos. 3 through 5, and 6 through 8, 
are interconnected by fuel drain lines. Unburncd fuel in these 
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chambers will drain to the two bottom chambers (5 and 6) and 
into a collector which is emptied by siphoning action when the 
plane becomes airborne. 

A fuel nozzle (figure 152) is supported in a hole in the dome 
of each combustion chamber liner. These nozzles are detach- 
able from the combustion chamber inlet duct. 




Ftgurt 152. — Fuel nozzl*. 



Each fuel nozzle combines two stages of spray— primary 
and main. Fuel is supplied to the two stages by their respec- 
tive fuel manifold. At low fuel flow, all the fuel is delivered 
to the primary atomizer of the fuel nozzle. At high fuel flow, 
the primary system continues as before but is supplemented by 
fuel from the main fuel manifold. 

Each igniter (fig. 153) consists of a solenoid-operated low- 
pressure fuel atomizer and a spark plug. 

The electrodes of the spark plug are exposed to the relatively 
cool air flowing between the combustion chamber liner and the 
combustion chamber, and are only exposed to high tempera- 
tures during the starting cycle while ignition is provided to 
ignite the fuel spray from the low pressure fuel atomizer. The 
atomizers are supplied with fuel from the fuel manifold. 

The operation of the igniters begins when the aircraft start- 
ing equipment supplies current to the igniter system at the 
beginning of the starting cycle. The low-tension current is 
connected to the igniter solenoid valve, while the high-tension 
current from the ignition coils is fed to the spark plug center 
electrode. Thus, when the system is in operation the flame 
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igniter solenoid is energized, which opens the atomizer needle 
valve. The fuel under pressure from the booster pump is then 
discharged from the atomizer as fine spray and ignited by the 
spark plug. 

The fuel being discharged from the fuel nozzles in the com- 
bustion chambers is, in turn, ignited by the flame from the 
igniter. Interconncctor tubes between adjacent combustion 
chambers enable all the chambers to become ignited almost 
simultaneously. After the engine has been started, the current 
to the igniters is cut off. This allows the atomizer valve to 
close under spring pressure, thereby extinguishing the ignition 
flame. 

The deep groove ball-type center bearing and bearing sup- 
port are mounted in the center bearing case. The bearing is 
pressurized by air from the cooling impeller. Axial adjust- 
ment of the rotor assembly is controlled by a spacer located 
between the bearing support and the bearing case. 

The rear bearing case consists of an inner and outer casing. 
It is bolted to the rear of the center bearing case. The roller- 
type rear bearing is mounted in the inner casing, and is cooled 
by pressurized air from the cooling impeller. The outer cas- 
ing acts as a heat-shield. 
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The combustion chamber support (fig. 154) consists of a 
front and rear section bolted together with an inner support 
bolted to the front section. The unit incorporates concentric 
flanges to which the turbine nozzle vane outer and inner 
shrouds are bolted. This unit is secured to the rear of the 
center bearing case. The support also contains nine outlet 
ducts which transfer the combustion gases from each chamber 
to the inlet side of the nozzle vanes. 




Figure 154. — Combustion chamber support and turbine nozzle vanes. 
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The air used for cooling the center and rear bearings is 
passed over the turbine disc and out to the atmosphere through 
nine outer tubes which connect the support to a collector mani- 
fold bolted to the rear of the support. 

The nozzle vane assembly is bolted to the rear of the com- 
bustion chamber support (fig. 154). This assembly consists 
of an inner and outer shroud ring and 48 vanes. Platforms, 
formed at the inner and outer ends of the vanes, are located 
circumferentially in slots in the inner and outer shroud rings. 
A tongue is formed at the front of the inner platform of each 
vane, and is so shaped that the vane is located radially by the 
engagement of the outer surface of the tongue in a shoulder 
of the combustion chamber support inner case. 

Axial movement of the vane is prevented by the abutment 
of the front face of the tongue against the shoulder, and by the 
abutment of the rear face of the tongue against a shoulder on 
the nozzle vane inner shroud ring. By locating the vanes 
axially at the front of the inner face only, the possibility of 
distortion of the turbine air seal, due to vane expansion, is 
eliminated. An allowance is added to the depth of the slots 
in the nozzle vane outer shroud ring to permit expansion of 
the vanes. 

The turbine case is secured to the nozzle vane outer shroud 
ring. 

The turbine air seal is mounted on the nozzle vane inner 
shroud. The three stepped concentric rings on the rear face 
of the seal overlap the three lands on the front face of the 
turbine disc to form a seal which prevents the cooling air from 
escaping and the hot air from traveling down around the disc. 

The air baffle, which is mounted on the forward mount 
flange of the center bearing housing, is strengthened by nine 
equally spaced brackets (fig. 155). The baffle contains holes 
for allowing the passage of oil feed tubes and oil scavenge tubes 
to the center bearing case. Its outer profile is scalloped to fit 
around the inner portion of each combustion chamber. The 
baffle prevents hot air from the turbine end of the engine being 
drawn into the rear screen support and the cooling air impeller 
inlet ports. 




294 



The compressor and the front and rear inducers are se- 
cured by studs. The compressor has 29 equally spaced radial 
vanes on each side of a central diaphragm. The inducer vanes 
are of a conical form to give the correct throat area and are 
curved over in the direction of rotation to give the correct 
entering angle. 

The front and rear inducers are machined to form a mount- 
ing surface for the compressor hub and rear shaft, respectively. 
The shaft and hub are secured to the compressor by the same 
studs which secure the inducers. Dynamic balance of the 
compressor assembly is obtained by means of balancing plugs 
screwed into the inducer end faces. Figure 156 illustrates the 
compressor rotor assembly. 

The primary function of the cooling air impeller, shown in 
figure 156, is to cool the center and rear bearings and the front 




Figure 156. — Compressor rotor assembly. 
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face of the turbine disc. It is mounted on the compressor 
shaft, forward of the center bearing. The impeller draws air 
through separate air intake openings in the rear screen support 
and delivers air rearward through the center and rear bearing 
cases. Some of this air passes under the turbine shaft bearing 
support sleeve and out radially through slots in the flange face 
contacting the turbine disc. The cooling air passes outward 
over the turbine disc front face and is then conducted through 
tubes into a cooling air manifold surrounding the combustion 
chamber support. From here it is discharged to the atmos- 
phere, as illustrated in figure 157. 

Besides cooling the bearings and turbine disc, this pres- 
surized air minimizes gas leakage from the turbine air seal, and 
oil leakage from the center and rear bearing oil seals. 




Figure 157. — Cooling air impeller operation. 
296 




Figure 158. — Turbine rotor assembly. 



The turbine shaft and turbine shaft sleeve are secured to the 
turbine disc by means of a gear-type coupling and eight bolts. 
The periphery of the turbine disc has 54 equally spaced ser- 
rated splines to match corresponding serrations on the turbine 
blades. 

The rear bearing is supported on the turbine shaft sleeve. 
Cooling air passes between the sleeve and the turbine shaft to 
reduce the bearing temperature. 

EXHAUST SECTION 

The exhaust section is mounted on the turbine case. This 
section is composed of the exhaust duct and exhaust cone, as 
may be seen in figure 159. The cone is supported on four 
fairings which are positioned by two vertical and two hori- 
zontal tierods. The fairings serve to diminish the swirl effect 
from the exhaust gases after they leave the turbine. 

A heatshield, which masks the rear face of the turbine disc, 
is mounted on the front end of the exhaust cone. 
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1. Exhaust duct. 

2. Exhaust cone heatshield. 

3. Exhaust cone. 

4. Front horizontal tierod. 

5. Horizontal fairing. 



6. Rear horizontal tierod. 

7. Front vertical tierod. 

8. Vertical fairing. 

9. Rear vertical tierod. 



Figure 159. — Exhaust section. 



FUEL SYSTEM 

The fuel system consists of the following units: 
Engine-driven fuel booster pump 
Low-pressure fuel filter 
Two main fuel pumps 
Fuel control unit 
Pressure switch 

Pressurizing and shut-off valve 
A built-in electrical-driven fuel pump is incorporated in the 
fuel tank. 

Fuel under pressure, from the airplane fuel tank pump, is 
delivered to the engine-driven fuel booster pump mounted on 
the top of the accessory case. From here it is sent through a 
low-pressure fuel filter to the two main fuel pumps on the right 
side of the accessory case. These pumps build up the fuel 
pressure and send it through a common tube to the fuel control 
unit, located on the left side of the accessory case. 
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The fuel, entering the control unit, passes through a high- 
pressure fuel filter. Then it passes through a solenoid-operated 
inlet valve that is normally open, thence to the throttle valve. 
From there the fuel flows to the fuel pressure regulating valve 
and then into a chamber that is affected by the altitude com- 
pensator by means of a diaphragm arrangement. From this 
compartment it flows through the maximum flow adjustment 
and then through a double check valve. From there it is de- 
livered through an external tube to the fuel pressure and shut- 
off valve mounted on the oil sump. 

The primary and main fuel manifolds are connected to the 
fuel pressure and shut-off valve which controls the propor- 
tionate fuel distribution between the primary and main fuel 
manifolds. At low engine speed, the fuel is directed to the 
primary manifold by the action of the pressurizing valve spring 
which keeps the valve in a position that prevents fuel flow to 
the main manifold. At increasing engine speed, the primary 
fuel pressure increases and overcomes the spring tension which 
allows fuel to flow to the main fuel manifold as well as the 
primary. The valve continues to open progressively with in- 
creases in engine speed until at maximum engine speed the 
valve is fully open and the fuel nozzles are receiving the bulk 
of their supply from the main fuel manifold. 

Fuel from the two fuel manifolds is delivered to the fuel 
nozzles by flexible tubing. In each fuel nozzle, the main fuel 
flow combines with the primary fuel flow, then discharges from 
the nozzle orifice into the combustion chamber liner as a finely 
atomized conical spray. 

In an emergency, the fuel system can be manually operated 
by means of an emergency solenoid valve which, when opened, 
allows fuel from the main pump to bypass the automatic fuel 
system of the fuel control unit. The normally open, solenoid- 
operated fuel inlet valve closes, and the normally closed, 
solenoid-operated emergency valve opens, allowing the fuel to 
go through the emergency throttle valve of the fuel control and 
through the double check valve, then to the fuel pressure and 
shut-off valve where it is then directed to the main and pri- 
mary fuel manifolds. 
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LUBRICATION SYSTEM 



The lubrication system (fig. 161) is a self-contained, high- 
pressure, wet sump system. It contains pressure oil feeds to 
the three main bearings and to the accessory drives. The oil 
is of low viscosity and is antifreezing. The bulk of the oil is 
contained in a sump attached to the underside of the accessory 
case. The oil sump contains a two-stage oil pump, three oil 
strainers, a de-aerator tray, and provides mounting bosses for 
the pressure oil gage and temperature connections. 

For clarity of description, the pressure oil system will be 
divided into four branches. 

In the first branch, oil is drawn from the sump through a 
strainer by the pressure oil pump, which forms the lower half 
of the dual pump unit. From the pressure oil pump, the oil 
passes through the high-pressure oil strainer to a junction 
located behind a plug on the left side of the sump. Through 
cored passages in the accessory case, oil is supplied immedi- 
ately to the upper and lower fuel pump drives. A check valve, 
located in the cored passage, prevents any seepage of fuel from 
the fuel pumps into the oil system. 

In the second branch, oil from the junction behind the plug 
passes through a cored passage in the sump to the pressure oil 
gage connection. 

In the third branch, oil from the junction behind the plug 
passes through a series of cored passages in the sump and ac- 
cessory case. One of the passages carries oil to the pressure 
oil relief valve. A second passage provides lubrication to the 
fuel control unit drive, the auxiliary drive, and through an oil 
nozzle to the auxiliary fuel booster pump drive. Splash oil 
lubricates the starter, the generator, and the take-off drives. 
A third passage carries oil to an oil nozzle located in the acces- 
sory case cover for lubrication of the accessory drive pinion 
and bearings. A fourth passage carries oil through an oil tube 
to an oil nozzle located in the front bearing housing for lubri- 
cation of the front bearing. 

In the fourth branch, oil from the large annulus passes 
through internally cored passages and a series of external and 
internal oil tubes to the oil nozzle in the center bearing sup- 
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port for lubrication of the center bearing, and to an oil nozzle 
in the rear bearing cover for lubrication of the rear bearing. 

ELECTRICAL SYSTEM 

The engine starting system includes two igniters, and a 
starter furnished by the purchaser (GFE) . The aircraft start- 
ing equipment consists of a unit or units to supply current to 
the igniters and to the starter. 

COOLANT INJECTION SYSTEM 

The engines are equipi>ed with a coolant injection system, 
the operation of which causes an increase in thrust. The 
equipment consists of two slingers which are secured to the 
front and rear sides of the compressor rotor and two manifold 
assemblies secured to the front bearing housing and rear air 
inlet fairing, respectively. A common coolant inlet connection 
for the two manifolds is mounted on an adaptor on the upper 
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right side of the compressor case. The coolant injection mix- 
ture is injected into the air stream as it enters the compressor 
front and rear inducers. 

PRINCIPLES OF OPERATION 

A knowledge of the principles of operation and the impor- 
tant performance differences between the turbo-jet and the 
conventional piston engine may help one in visualizing prob- 
lems of operation and repair. 

In sequence, air enters the turbo-jet engine, is compressed, 
heated, partially expanded through a turbine to drive the com- 
pressor, and subsequently expanded through an exit nozzle to 
produce a high-velocity jet. The acceleration imparted to the 
mass air in passing through the engine (measured by the 
product of the mass rate of air flow and the difference between 
leaving and entering velocities) represents the force, or thrust, 
reacting on the engine and airplane. Where a propeller de- 
rives its thrust from imparting a small acceleration to a large 
mass of air, the jet engine imparts a great acceleration to a 
small mass of air. 

As airspeed increases from zero, the thrust of the turbo-jet 
decreases some 10 or 15 percent around 200 to 400 miles per 
hour and then increases, equaling its static rating near 600 to 
800 miles per hour. The variations being small, this engine 
can be considered essentially a constant thrust engine. The 
piston-propeller engine is, essentially, a constant horsepower 
engine. This means further that the jet engine horsepower 
increases almost directly as airplane velocity, while the piston 
engine thrust drops off continually from the static value as 
airspeed is increased. 

A jet propelled aircraft is usually a high-speed craft, since 
the faster it goes the greater the power the engine makes avail- 
able, while the propeller engine power remains constant. The 
jet propelled aircraft, then, is extremely sensitive to drag 
changes since any drag item represents a huge power require- 
ment at high speed. The jet aircraft usually has a higher air- 
speed for best rate of climb than the propeller-driven aircraft. 
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QUIZ 

1. What is the purpose of the deep groove ball bearing in addition to sup- 
porting the radial load of the rotor assembly? 

2. In which combustion chambers are igniters incorporated? 

3. What are the two stages of spray combined in each fuel nozzle? 

4. Under what condition is all fuel delivered to the primary atomizer of 
the fuel nozzle? 

5. When is the current to the igniters cut off? 

6. What is the primary function of the cooling air impeller? 

7. In case of emergency, the solenoid valve allows fuel to bypass a unit. 
What is the unit? 

8. What method of oil lubrication is used for the starter, the generator, 
and the take-off drives? 

9. How many igniters are included in the engine starting system? 
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APPENDIX I 



ANSWERS TO QUIZZES 
CHAPTER 1 
POWER 

1. Reciprocating and turbo-jet. 

2. Work per unit of time. 

3. Horsepower. 

4. 2,376,000 ft.-lbs. 

5. Approximately 9.4 hp. 

6. Approximately 91.6 hp. 

7. Near the end of the power stroke. 

8. Shortly before the piston reaches the top of the compression stroke. 

9. One. 
10. 7:1. 



CHAPTER 2 
ENGINE PARTS 

1. Tulip, semi-tulip, and mushroom. 

2. Exhaust valve. 

3. Prevent leakage of gas pressure and reduce seepage of oil to a minimum. 

4. Crankshaft. 

5. Planetary. 

6. Bell, sun, and planetary. 

7. Aluminum alloy. 

8. Full-floating. 

9. Connecting rod. 

10. To compress the fuel-air mixture delivered to the combustion chamber. 
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CHAPTER 3 
IGNITION SYSTEMS 

1. By connecting a condenser in parallel with the breaker points. 

2. Primary Circuit Secondary Circuit 

b. breaker points a. spark plugs 

e. control switch c. high-tension cable 

f. coil with 150 windings d. distributor rotor 

h. primary condenser g. distributor block electrodes 

i. coil with 1,500 windings 

3. It causes a rapid collapse of the primary magnetic field. 

4. To compensate for the top-dead-center variations of each piston caused 
by the elliptical travel of the knuckle pins on the articulating rods. 

5. The setting of the engine magnetos so that the spark plugs in a cylinder 
fire simultaneously. 

6. To provide a source of external high-tension current during starting 
periods. 

7. Preignition. 

8. Long-core. 

9. Double magneto, base-mounted, for 18 cylinders, left rotating, Edison- 
Splitdorf , model or modification 2. 

CHAPTER 4 
ENGINE ACCESSORIES 

1. Aircraft Fuel Systems, NavPers 10335. 

2. Inertia. 

3. A property of matter which causes a body at rest to tend to stay at 
rest and a body in motion to continue in motion unless acted upon by 
some external force. 

4. Electric inertia, electric inertia with direct cranking, and direct elec- 
tric starters. 

5. It cranks the flywheel until it is rotating at high speed, then engages 
the flywheel with the engine starter jaw through a train of gears and a 
multiple-disc clutch. 

6. Instead of the hand crank to energize the flywheel, the electric inertia 
starter incorporates an electric accelerating motor. 

7. They are the simplest type of charging source for the aircraft batteries. 

8. By increasing its speed. 

9. Production of heat beyond a safe limit. 
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CHAPTER 5 



LUBRICATION AND COOLING 

1. Excess oil will foul the spark plugs, and produce excessive carbon de- 
posit on cylinder heads and pistons. 

2. Engine oil is diluted by allowing a small amount of fuel to enter the 
oil inlet line. This is done before the engine is stopped in cold weather. 
Diluting the oil makes the engine easier to start in cold weather. 

3. Inadequate cooling. 

4. To measure cylinder head temperature. 

5. Dry sump. 

6. Oil pressure pump and oil scavenger pump. 

7. Oil pressure relieve valve. 

8. Strainers and niters. 

9. Bourdon. 

10. Air-cooled. 

CHAPTER 6 

PRATT & WHITNEY TWIN WASP (R-1830) ENGINE 

1. On pads attached to the exterior of the front case. 

2. By adjusting the position of two pairs of spark advance pinions. 

3. Three. 

4. No. 5 and No. 12. 

5. By the blower case. 

6. It discharges any fuel that may be accumulated while the engine is 
being started. 

7. Rear oil pump. 

8. 85 to 100 ps.i. 

9. By oil under pressure which is carried through the two crankpins to 
the bearings via drilled passages in the crankshaft. 

10. On the No. 8 cylinder head. 

CHAPTER 7 

PRATT & WHITNEY DOUBLE WASP (R-2800) ENGINE 

1. 20:9. Spur planetary type. 

2. It makes possible the accurate measurement of the actual power out- 
put to the propeller when the airplane is in flight. 
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3. On external pads on the front accessory case. 

4. In the front support plate. 

5. On the front accessory case. 

6. Machined from three steel forgings. 

7. No. 8 and No. 9. 

8. Double-track, four-lobe. 

9. Seven. 

CHAPTER 8 
WRIGHT CYCLONE (R-3350) ENGINE 

1. Around the rear circumference of the crankcase front section rear half. 
The magneto is mounted on the top center of the supercharger rear 
housing cover. 

2. A gear-type booster pump. 

3. AN 60. 

4. It is of the two-row, split-clamp type, in three sections hollow through- 
out their length. 

5. By a movable bronze counterweight attached to the front crank cheek. 

6. Full-trunk type with recesses in the head for intake and exhaust valve 
clearance. 

7. On the upper right and left positions of the supercharger rear housing 
cover. Counterclockwise. 

8. Full pressure, dry-sump type. 

9. Magneto, main conduit, low-tension harness, induction coils, high- 
tension leads, and spark plugs. 

CHAPTER 9 
PRATT & WHITNEY (R-4360) ENGINE 

1. Four-row radial, air-cooled, with 28 cylinders. 

2. Propeller shaft and its thrust bearing, the propeller governor and front 
oil pump drives, and the front oil pump. 

3. Fifty-six. 

4. On the front crankcase. 

5. Regulates the timing of the magneto drive system. 

6. Each cam is driven by two cam reduction gear and pinion assemblies 
at one-sixth the speed of the crankshaft. 

7. Hollow, one-piece assembly. Five. 



8. Fully intersected, partially intersected, and non-intersected types, ac- 
cording to the extent or absence of the cutouts providing clearance 
for the master rod bolts. 

9. Stellite. 

10. No. 3, No. 4, and No. 5 cylinder banks. 

11. By the spiral gears of the fuel pump and magneto pump drive shafts. 

12. Scintilla D4RN-2. Seven. 

13. To prevent flashover at high altitudes. 

14. No. Exhaust valve. 

CHAPTER 10 
THE TURBO-JET ENGINE 

1. Rockets, ram jet, aeropulse, and turbo-jet. 

2. The rocket carries oxygen as well as fuel. 

3. Inlet duct, rotary air compressor, combustion chambers, turbine, and 
exhaust section. 

4. Outer casing, flame tube, and burner nozzle. 

5. Eliminate turbulence in the emerging jet. 

6. None. 

7. It drives the air compressor and necessary auxiliary equipment. 

8. They join adjacent combustion chambers. 

9. An impeller of large diameter and a high speed of rotation is neces- 
sary, resulting in a high linear speed at the periphery. 

« 

CHAPTER 11 
T-40 TURBO-PROP ENGINES 

1. To direct the air through the compressor blades and to prevent the 
entrance of large foreign objects. 

2. They hold the vane assemblies in place. 

3. Dome assembly. 

4. Turbine unit assembly. 

5. Front inner liners. 

6. Turbine support, turbine rotor assembly, and turbine casing assembly. 

7. Cooled by air which circulates through the annulus formed by the 
support and a surrounding air seal shroud. 

8. Exhaust system. 

909 



9. On the front face of the assembly. 

10. It prevents oil in the system from draining back through the pump 
when the power section is shut down. 

CHAPTER 12 
J33 TURBO-JET ENGINE 

1. Dual-inlet centrifugal type. 

2. Constant displacement. 

3. On the front of the unit. 

4. It drains the fuel manifold of all fuel when fuel pressure within the 
manifold is below 5 psi. 

5. Wet sump. 

6. Eight. 

7. To improve thrust rating at low altitudes. 

8. Into the compressor air inlet. 



CHAPTER 13 
J34 TURBO-JET ENGINE 

1. Axial flow. 

2. Momentary closing of the control timer switch energizes the control 
timer. The control timer closes and maintains the electrical circuits 
to the starter motor and ignition coils for 30 seconds. The starter 
solenoid contactor closes the circuit to the starter motor when the 
solenoid coil is energized by the action of the control timer. The 
starter, when energized, accelerates the engine rotor to a speed suf- 
ficient to give self-sustained operation of the engine. The ignition 
coils supply high voltage for ignition. The spark plugs ignite the 
fuel-air mixture. 

3. Four-piece unit. 

4. Two. 

5. In the combustion chamber section. 
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CHAPTER 14 



J42 TURBO-JET ENGINE 

1. Supports axial thrust. 

2. No. 3 and No. 8. 

3. Primary and main. 

4. At low fuel flow. 

5. After the engine has been started. 

6. To cool the center and rear bearings and the front face of the turbine 
disc. 

7. Fuel control unit. 

8. Splash. 

9. Two. 
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APPENDIX II 



QUALIFICATIONS FOR ADVANCEMENT IN RATING 
AVIATION MACHINIST'S MATES (AD) 

RATING CODE NO. 730 

General Service Rating 

Aviation machinist's mates maintain, repair, test, inspect, adjust, and 
install aircraft engines (reciprocating and turbine) and accessories, includ- 
ing propellers, carburetors, pumps, oil coolers, and associated equipment. 
Operate engines and auxiliary power plants for operational or test purposes 
as may be appropriate. 



Emergency Service Ratings 



Title 


Abbr. 


Rating 
Code No. 


Definition 


Aviation Machinist's Mates E 


ADE 


731 


Repair, install, and 
maintain aircraft 
engines and acces- 
sories. 


Aviation Machinist's Mates F 


ADF 


732 


Maintain aircraft en- 
gines and accesso- 
ries and operate the 
power plants as 
flight mechanics 
(engineers). 


Aviation Machinist's Mates P 


ADP 


733 


Maintain and repair 
aircraft propellers. 


Aviation Machinist's Mates G 


ADG 


734 


Maintain and repair 
aircraft|carburetors. 



Naval Job Classifications 



Group 
code nos. 


Group titles 


oenerai 
service 


Emergency service 


AD 


ADE 


ADF 


ADP 


ADG 


50000-5009Q 


r ngni engineers 


v 




X 




J 


501 00-50 19Q 


.wiauon nignt mechanics — 














gunner 


X 




X 






51400- =>MQQ 


Carrier service personnel 


X 


X 




1 


51 500-5 l.iQQ 


airport service personnel 


X 


X 


X 






521 00-52 1QQ 


Aircrait engineering techm- 














• 

cians 


X 


X 








52200-52299 


\irf'J"Jlft ni'MTltpniHWO ui,,vir 

* m cii i/ iiiixill idlilllCc Huper— 














vionrc 


X 


X 








5230O-. ; i239Q 


Aircraft power plant me- 














chanics 


X 


X 


X 






52400-52499 


A 1 T'( * T';l f t on nihil mo/»ka >\ w . ,.- 

niiuaii digiiit, met names, 












overnaul 


X 


X 








52500-52599 


Aircraft line maintenance 














mechanics 


X 


X 








52900-52999 


Aircraft mechanics, basic 


X 


X 


X 


X 


X 


53100-53199 


Airplane propeller mechan- 








ics 


X 






X 




53200-53299 


Airplane carburetor me- 














chanics 


X 








X 


53500-53599 


Airplane accessory repair- 














men, miscellaneous 


X 


X 








59300-59399 


Aircraft salvage technicians 


X 


X 




X 


X 
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Qualifications for Advancement in Rating 



Qualifications for advancement 
in rating 


Applicable rates 


AD 


ADE 


ADF 


ADP 


ADG 


730 


731 


732 


733 


734 


XXX .100 PRACTICAL 












FACTORS 












.101 TOOLS 












Use common hand tools in 


O 9 1 P 
a, a, 1 , 


R 9 1 C. 
•5, 9| 1 , v 


1 9 * C 


9 9 1 f" 
J, A 1, <-/ 


o, i, 1, O 


maintaining and repairing air- 












craft engines and accessories. 












Use shop power-driven 


2 1, C 


2, 1, C 




9 i r 1 
*, a, yj 


9 i r 1 
i, o 


tools, including drill press. 












bench grinder, etc. 












.102 MEASURING INSTRUMENTS 












Use measuring instruments 


<5, 4. It ^ 


1 2 1 P. 


o, z. 1, 


Q 9 1 f 
J, A 1, Kj 


.1, A 1, o 


in maintaining and repairing 












aircraft engines and accessories. 












.103 BLUEPRINTS 












Read simple blueprints and 


.1. 1, 1 , w 


1 9 1 O 


^ 9 i r* 

d, ^, 1, O 


3, 2, 1, C 


3, 2, 1, C 


wiring diagrams. 












Read and work from blue- 


O 1 c 


9 i r* 

90» I , \J 


9 1 P 
4, 1, 


1, C 


2, 1, C 


prints and wiring diagrams. 












Make sketch for engine or 


1 c- 
1. 1/ 


i r> 
i, ^ 


1 c 


1, O 


1, C 


engine accessory repair. 












.104 AIRPLANE HANDLING 












Handle and service (in- 


■i, I, \j 


O, I, 1, \j 


6, I, 1, 


3, 2, 1, C 


3, 2, 1, C 


cluding fueling) aircraft on 












the ground or deck in accord- 












ance with local and general 












approved practices. Load 












and stow equipment. Secure 












aircraft by tying down and 












mooring. Undertake the re- 












sponsibilities of plane captain 


• 










to insure general readiness 












of aircraft. Make daily and 












pre-flight inspections. Clean 












windshields, enclosures, and 












surfaces. 












.105 ENGINES 












Service, maintain, install, 


O O 1 

6, -. \,Kj 


3, 1, 1, L 


2, 1, G 


3,2, 1,C 




and repair engines. Perform 










routine checks in accordance 












with approved procedures. 












Remove, clean, test, and re- 












place spark plugs and/or tur- 












bine nozzles. Start, warm up. 












and stop engines; perform 












checks to discover malfunc- 












tions. 












Adjust valve clearance; 


2. l.C 


3, 2.1.C 


l.C 






time the magnetos, and make 












compression checks. Make 












engine changes. 
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Qualifications for 



Prepare engines for short- 
time storage. Remove en- 
gines from storage by clean- 
ing and assembly. 

.106 PROPELLERS 

Check balance, pitch, and 
track of propellers. Remove, 
service, and install propellers 
and check their operation. 
Install and adjust governors. 

Remove, check, clean, re- 
pair, and install dome assem- 
blies, relays, distributor valves 
and governors. Perform mag- 
nafluz tests. 

Repair propellers and pro- 
peller accessories. 

.107 CARBURETORS AND FUEL 



Check carburetors and fuel 
system for proper operation. 
Trace fuel lines; clean strain- 
ers; check valves and fuel 
cells for leaks or sediments. 

Remove, disassemble, clean 
inspect, assemble, perform up- 
keep on, and install carburet- 
ors. 

Set up, operate, and main- 
tain carburetor flow benches. 
Test flow, pressure, and satis- 
factory operation of carburet- 
ors and water injection system. 

.108 INSTRUMENTS AND ACCE8- 



Remove, service, and in- 
stall pumps, magnetos, igni- 
tion coils, distributors, start- 
ers, generators, batteries, oil 
coolers, and other power plant 
accessories, including control 
panel, flight, and engine in- 
struments. 
.109 OPERATION 

If assigned to activities re- 
quiring flight engineers, per- 
form the following: 

Follow proper engineering 
procedure and take necessary 
action in inspecting, testing, 
and operating engines, con- 
trols, and equipment on own 
planes before flight and in 



Applicable rates 



AO 


ADE 


ADF 


ADP 


ADO 


730 




732 


733 


734 


l.C 


l.C 








3. 2, 1. C 


3, 2. 1. C 


3. 2, 1, C 


3. 2. 1. C 




2, 1, C 






2. l.C 




l.C 






l.C 




3.2, l.C 


3. 2. l.C 


2. l.C 




3, 2. l.C 


2, 1, C 


l.C 


l.C 




3. 2. l.C 


l.C 








2, l.C 


3, 2, 1, C 


3, 2, 1, C 


3. 2, 1. C 


3, 2, 1, C 


3. 2. 1,0 


2. l.C 




2. l.C 


■ 





316 



Qualifications for advancement 
in rating 



taxiing, take-off, and climb. 
Set controls for fuel system, 
mixture control, carburetor 
supercharge, oil system, gen- 
erator, auxiliary power plant, 
electric power circuits, and 
cowl flaps, in accordance with 
procedure prescribed by squad- 
ron to which attached. Use 
power chart for engines used 
in planes of squadron to which 
attached. Construct and use 
simple "Howgoesit" curves. 
Recognize specific signs of 
malfunctioning of engines 
from observations of instru- 
ments and, when possible, 
make adjustments in flight. 
Follow prescribed squadron 
engineering procedure and 
take necessary action in de- 
scent, landing, and stopping. 

.110 SAFETY PRECAUTIONS 

Observe local and general 
safety precautions for shop and 
line maintenance, fueling, serv- 
icing, and operation of aircraft. 

.Ill RECORDS AND REPORTS 

Keep records and prepare 
reports applicable to servicing, 
operating, and repairing air- 
craft engines and accessories. 

.112 SUPERVISION 

Supervise and train per- 
sonnel engaged in servicing 
and repairing the following: 
Aircraft engines and ac- 
cessories 

Propellers 

Carburetors 

Organize and administer 
repair facilities for aircraft 
engines and accessories. 

XXX .200 EXAMINATION 
SUBJECTS 

.201 TOOLS AND MEASURING IN- 
STRUMENTS 

Names and uses of common 
hand tools and measuring in- 
struments used for engine and 
accessory maintenance and re- 
pair. 



Applicable rates 



AD 



ADE 



730 



3, 2, 1, C 



3, 2, 1, C 



1.0 

1.0 
1,0 
C 



3, 2, 1, C 



731 



3. 2, l.C 



3, 2, l.C 



l.C 



3, 2, l.C 



ADF 



732 



3, 2, 1,C 



3, 2, l.C 



3.2, l.C 



ADP 



733 



ADG 
734 



3. 2, 1,0 



3,2. l.C 



3, 2. I, C 



3.2. l.C 



l.C 
C 



l.C 
C 



3, 2, 1, C 



3,2, l.C 
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for ad 
in ratine 



.202 AIRPLANE HANDLING 
CHECKING 

Proper methods of han- 
dling aircraft on the ground, 
on deck, or in the water, in 
accordance with local and 
general approved practices. 
Methods used to secure air- 
craft by tying down and moor- 
ing; methods used to load 
and Btow equipment. Proce- 
dures for starting, warming 
up, testing, and stopping air- 
craft engines. Procedure for 
checking engines and acces- 
sories for malfunctioning. 
Method of cleaning aircraft 
surfaces, enclosures, wind- 
shields, and engine and acces- 
sory parts and the proper ma- 
terials to be used. 

.203 ENGINES 

Theory of operation and 
construction of engines, in- 
cluding make-up of perts and 
function of each, dividing en- 
gine operation into the sys- 
of power transmission, 
carburet ion, lubri- 
cation, and ignition. Prepare 
diagrammatic sketches of air- 
craft power plant systems. 

Procedures for servicing, 
maintaining, and repairing 
engines, including inspection, 
tests, and routine servicing. 
The general pressure, temper- 
ature, and r.p.m. limitations 
for commonly used engines 
and the specific limitations of 
engines of own activity for 
warm-ups and cruising. 

Procedures for adjusting 
valve clearance, timing mag- 
netos, and making compres- 
sion tests. 

Operation of engines and 
auxiliary power plants for 
take-off, climb, and cruising 
under various loading and op- 
erational conditions. Use of 
"Howgoesit" curves and 
power curves. 



Applicable rates 



AD 



730 



ADE 



731 



1.2, l.C 3.2, l.C 



3, 2. l.C 



3, 2. I. C 



2. l.C 



2. l.C 



3.2. l.C 



3. 2. l.C 



2. l.C 



ADF 



732 



3. 2, 1,C 



3. 2. l.C 



3. 2. l.C 



l.C 



2. l.C 



A DP 

733 



3. 2, 1. C 



ADQ 
734 



3. 2. 1. C 



3. 2, l.C 



3. 2, 1, C 



31S 



Qualifications for advancement 
in rating 



.204 PROPELLERS 

Hydraulic and electrical 
principles applied to propel- 
lers; theory of operation, pro- 
cedures for servicing, and no- 
menclature of propellers and 
propeller accessories. 

Testing and adjusting pro- 
cedures for propellers and pro- 
peller accessories. Procedures 
for heat-treating, straighten- 
ing, and testing strength of 
materials. 

Assembly and disassembly 
procedures and preparation 
for storage of propellers. 

.205 CARBURETORS AND FUEL 



Procedures for checking 
and servicing aircraft carbu- 
retors and fuel system. The- 
ory of operation, nomencla- 
ture of parts, and manner of 
inspecting, cleaning, and in- 
stalling parts. System of 
marking carburetors and fuel 
system lines. 

Testing of carburetors on a 
flow bench and adjusting for 
operation. Materials and 
parts likely to be faulty and 
the reasons. 

.208 INSTRUMENTS AND ACCES- 
SORIES 

Nomenclature, installing 
and servicing procedures, and 
theory of operation of aircraft 
engine accessories and instru- 
ments. 

.207 MATHEMATICS 

Basic mathematics, includ- 
ing the following: 

Arithmetic, measure- 
ment, and graphs. 

Elementary algebra, trig- 
onometry, and geometry. 
Solve problems pertaining 

to: 

Aircraft maintenance and 
fueling. 

Aircraft loading, weight, 
and balance. 



Applicable rates 



AD 


ADE 


ADF 


ADP 


ADG 


730 


731 

ful 


732 


733 


734. 

1 Of* 


3, 2. 1, C 


3, 2, 1, C 


3. 8,1.0 


3,2, 1,0 


3.2.1.C 


l.C 




■ 


2. l.C 




C 






l.C 




3, 2, 1. C 


3. 2, 1, C 


3. 2, 1, C 


3, 2, 1, C 


3, 2, 1. C 


l.C 


C 






1.1.0 


3, 2 .1, C 


3, 2, 1. C 


3. 2, l.C 


3. 2. 1, C 


3, 2, 1, C 


3,2, l.C 


3, 2. 1. C 


3. 2, l.C 


3. 2, l.C 


3.2, l.C 


l.C 


l.C 


2, l.C 


2, l.C 


2. 1,0 


3. 2. 1. C 


3,2, l.C 


3, 2, l.C 


3,2. 1,C 


3. 2, 1, C 


2, l.C 


1,C 


2, l.C 
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Qualifications for advancement 
in rating 



.208 AIRCRAFT CONSTRUCTION 

Basic principles of the the- 
ory of flight and the principles 
of aircraft construction, in- 
cluding the rigging of controls, 
the general types of construc- 
tion encountered in the fuse- 
lage, wings, empennage, and 
landing gears, and the layout 
of the hydraulic and electrical 
systems. Alignment and ad- 
justment of control surfaces, 
with emphasis on adjustment 
of tabs. Basic principles of 
weight and balance of aircraft. 

.209 FLIGHT OPERATIONS 

General duties of air crew 
members, including knowl- 
edge of interplane communi- 
cations, crew stations, and 
procedures for abandoning 
plane, and for fire, crash, Gen- 
eral Quarters, and search sta- 
tions. The use of armament, 
pyrotechnics, and survival 
equipment employed in air- 
craft operations. 

.210 SAFETY PRECAUTIONS 

Local and general safety 
precautions for shop and line 
maintenance, fueling, servic- 
ing, and operation of aircraft. 
Procedure for safety wiring 
and bonding. 

.211 RECORDS AND REPORTS 

Engineering records to be 
kept and reports to be made 
for maintaining, servicing, 
and operating aircraft. 
.212 PUBLICATIONS 

General content and use of 
technical bulletins, publica- 
tions, and catalogs pertaining 
to aircraft maintenance and 
repair. 

.213 ORGANIZATION 

Organization of own unit. 

Organization of own squad- 
ron or air department and re- 
lationship of other ratings to 
the Engineering Department. 



Applicable rates 



AD 



730 



3, 2, 1. C 



3. 2. 1,C 



3, 2, l.C 



3. 2, 1. C 



3, 2, 1. C 



3, 2, 1. C 
l.C 



ADE 



731 



3, 2, l.C 



3, 2, 1, C 



3, 2, 1, C 



3.2, l.C 



3,2, l.C 



3, 2, 1, C 
l.C 



ADF 



732 



3, 2, 1, C 



3, 2, 1, C 



3, 2, 1. C 



3.2. l.C 



3. 2, l.C 



3, 2, I, C 
l.C 



ADP 



733 



3. 2, 1, C 



3, 2, 1, C 



ADG 
734 



3, 2. l.C 



3.2. l.C 



3. 2, 1. C 



3, 2, l.C 



3, 2, 1, C 



3,2, l.C 
l.C 



3, 2, l.C 



3.2, l.C 



3,2. l.C 



3,2. l.C 
l.C 



XXX .300 NORMAL PATH OF ADVANCEMENT TO WARRANT GRADE 

Aviation machinist's mates advance to Warrant MACHINIST 7411 (Aviation 
Machinist). They act as Assistant Engineering Officers in the Air Department. 



INDEX 



Accessories section, engine, 34-35 
Accessory drive case section, R-4360 

engine, 192 
Accessory drive shaft, R-4360 en- 
gine, 193 

Accessory intermediate drive gear, 

R-1830 engine, 102 
Accessory spring drive gear, R-1830 

engine, 100 
Air baffle, J42 turbo-jet engine, 

294 

Air bleed, compressor, turbo-prop 
engine, 239 

Air compression, mechanical, 208 

Air-cooled engine, 79 

Air cooling system, turbo-prop en- 
gine, 238-239 

American Bosch Pivotless breaker 
assembly, 44 

Athodyd, 204-207 

Auxiliary impeller assembly, R-2800 
engine, 127 

Auxiliary supercharger case, R-2800 
engine, 127 

Axial compressors, 214-217 

Baffle plates, 67 

Blower case section, R-4360 engine, 

185, 190-191 
Blower section, R-1830 engine, 96- 

98 

Bore, meaning, 13 

Boyle's Law, 5 

Brace assemblies, 220 

Brake horsepower, 14-15 

Brake mean effective pressure, 15 

Breaker assemblies, types, 44 



Cam 

compartment, R-1830 engine, 95 
compensated-type breaker, 44-45 
drives, R-4360 engine, 180 
follower assembly, 22 
ring, 21 

Carburetor, R-1830 engine, 106 
Cartridge starter, 60 
Cast-filled harness, 51 
Ceramic-insulated spark plugs, 53 
Charge, compressing the, 12 
Charles' Law, 6 
Circuits, 3^44 

magnetic, 40 

primary, 40 

secondary, 42 
Clutch, friction, turbo-prop engine, 
244 

Combustion chamber, 219 

assembly, turbo-jet engine, 225 
assembly, turbo-prop engine, 227 
inlet ducts, J42 turbo-jet engine, 
289 

section, J34 turbo-jet engine, 267 
support, J42 turbo-jet engine, 292 
Compensated-type breaker cams, 
44-45 

Compensating-type relief valve, 73 
Compression stroke, 8 
Compressors, 212 

axial, 214-217 

racial, 212-213 
Compressor assembly 

turbo-jet engine, 225 

turbo-prop engine, 225-226 
Compressor, axial flow, J34 turbo-jet 
engine, 266 
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Compressor-rotor assembly, ex- 
ploded view, 253 
Compressor-rotor cutaway, J34 

turbo-jet engine, 266 
Compressor section, J42 turbo-jet 

engine, 285 
Compressor unit, J33 turbo-jet en- 
gine, 254 
Convergent discharge nozzle, 206 
Coolant injection system, J42 turbo- 
jet engine, 301 
Counterbalances, 29 
Cowl flaps, 81 
Crank case 

front section, R-3350 engine, 139 

main sections, R-3350 engine, 140 

oil pumps, R-4360 engine, 179 

rear section, R-2800 engine, 123 
Crank case section 

R-2800 engine, 117 

R-4360 engine, 179-180 
Crankshaft 

double-throw, 29 

oil transfer bearing, R-4360 en- 
gine, 177 

R-2800 engine, 120 

R-3350 engine, 146 

R-4360 engine, 181-182 
Cuno filter, 74 
Cycle 

four-stroke, 7, 9 

two-stroke, 10-11 
Cylinder barrels 

R-2800 engine, 124 

R-3350 engine, 153 
Cylinder deflectors, 94 

R-2800 engine, 124 

R-4360 engine, 184 
Cylinder heads, R-3350 engine, 150 
Cylinders 

function, 18-19 

R-4360 engine, 182-183 

Density compensating system, turbo- 
prop engine, 237 
Diffuser, R-4360 engine, 189 
Direct electric starter, 60 



Distributor drive gears, R-3350 en- 
gine, 144 
Divergent entry nozzle, 206 
Double-throw crankshaft, 29 
Dual power unit, turbo-jet engine, 
225 

Electric inertia starters, 59 
Electrical system 

J33 turbo-jet engine, 257-258 

J34 turbo-jet engine, 277-279 

J42 turbo-jet engine, 301 
Electromagnetic induction, 38 
Electronic temperature control sys- 
tem, turbo-prop engine, 238 
Engine 

air-cooled, 79 

internal combustion, 2 

liquid-cooled, 79 

reciprocating type, 2 

sections, 34 

types, 2 
Exhaust cone 

assembly, 220 

J33 turbo-jet engine, 255 
Exhaust manifold, 33 
Exhaust section, J42 turbo-jet en- 
gine, 297 
Exhaust stroke, 8 
Exhaust valve, 7 

Filter, Cuno, 74 
Four-stroke cycle, 9 
Four-stroke engines, 209 
Friction horsepower, 15 
Front accessory section, R-2800 en- 
gine, 114 
Front case 

R-1830 engine, 85 

R-2800 engine, 109 
Front support plate, R-2800 engine, 
115 

Fuel control assembly, turbo-prop 
engine, 236-288 

Fuel control valve, J33 turbo-jet en- 
gine, 250 
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Fuel feed valve 

R-2800 engine, 134 

R-4360 engine, 193 
Fuel injection equipment, 221 
Fuel nozzle, J42 turbo-jet engine, 
290 

Fuel pump intermediate drive, 

R 4360 engine, 194 
Fuel system 

accessories, J33 turbo-jet engine, 

251, 256, 257 
J34 turbo-jet engine, 274 
J42 turbo-jet engine, 298 
turbo-prop engine, 233-235 

Gages, oil temperature, types, 75 

Gearbox, J34 turbo-jet engine, 271 

Gears, reduction, 35 

Generator 

drive gear, R-4360 engine, 195 
intermediate drive gear, R-1830 

engine, 100 
J33 turbo-jet engine, 250 
types, 61-63 

Governor 

drive gear, R-1830 engine, 92 
J33 turbo-jet engine, 248 

Ground wire manifold, R-4360 en- 
gine, 197 

Hand-operated inertia starters, 58- 
59 

Harness, cast-filled, 51 
Horsepower, 4 
brake, 14-15 
friction, 15 
indicated, 14 
Hydraulic couplings 
R-2800 engine, 127 
R-4360 engine, 185 
Hydraulic coupling shafts, R-4360 

engine, 187 
Hydraulic coupling support, R-4360 

engine, 186 
Hydraulic pump drive gear, R-1830 
engine, 102 



Hydraulic spring drive gear, R-4360 
engine, 187-191 

Ignition 

booster coils, J33 turbo-jet en- 
gine, 252 

cable assembly, R-3350-24W en- 
gine, 165 

definition, 37 

harness, types, 51-52 

R-1830 engine, 106 

switches, 46 

vibrator, 46-47 
Ignition system 

low-tension, 48 

R-2800 engine, 133 

R-3350 engine, 166-168 

R-4360 engine, 197 
Impeller 

assembly, R-2800 engine, 125 

intermediate drive support, 
R-4360 engine, 191 

radial compressors, 214 
Indicated horsepower, 14 
Inertia starters, 58 

electric, 59 

hand-operated. 58-59 
Intake manifolds, R-4360 engine, 
192 

Intake pipes, 32 
Intake valve, 7 

Intermediate rear section, R-1830 

engine, 98-100 
Internal combustion engines, 2 
Internal supercharger 

single speed, 30 

two-speed, 31 

J33 turbo-jet engine 
compressor unit, 254 
electrical system, 257-258 
exhaust cone, 255 
lubrication system, 256 
main fuel pump, 248 
rotor assembly, 254 
water alcohol system, 257 
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J34 turbo-jet engine 

electrical system, 277-279 

fuel system, 274 

oil cooler, 263 

rotor assembly, 271 

turbine section, 268 
J42 turbo-jet engine 

accessory case, 282 

compressor section, 285 

coolant injection system, 301 

electrical system, 301 

exhaust section, 297 

fuel system, 298 

lubrication system, 300 
Jet 

pulse, 203-207 
ram, 203 
turbo, 203 
Jet propulsion 
methods of, 202 
principle of, 204 

Liquid-cooled engine, 79 
Lubrication 
engine, 65 

radial engine, 75-78 
Lubrication system 

J33 turbo-jet engine, 256 
J34 turbo-jet engine, 272 
J42 turbo-jet engine, 300 
R-1830 engine, 102-106 
R-2800 engine, 128-129 
turbo-jet, 221 

Magnetic flux concentration, change 

in, 39 
Magneto(s), 37-39 
drive case, R-4360 engine, 176 
drive pinion gage, R-4360 engine, 
178 

pump intermediate drive, R-4360 
engine, 194 

schematic diagram of, 40 

types, 47-18 
Maximum power, 15 
Mean effective pressure, 13 
Mechanical air compression, 208 
Mica-insulated spark plugs, 53 



Nose section, engine, 34-35 

Oil cooler, 68 

assembly, 69 

control valve, 70 

J34 turbo-jet engine, 263 
Oil dilution, 78-79 
Oil filter, J33 turbo-jet engine, 252 
•Oil pressure 

gage, 66 

pump, 71 

relief valve, 71-72 
Oil pumps, 71 

drive gear, R-4360 engine, 191 

front, R-4360 engine, 175 

R-3350 engine, 155 

rear, R-4360 engine, 196 
Oil scavenge pump, 71 
Oil strainers, 67, 73-74 
Oil system 

high-pressure, R-2800 engine, 
129-133 

turbo-prop engine, 232-233, 243 
Oil tanks, 66 

schematic diagram of, 68 
Oil temperature gage, 66, 74-75 

electric type, 75 

vapor type, 75 

Piston pin, 27 
Pistons, 24-27 

R-4360 engine, 184 

types, 24 
Pivot type breaker assembly, 44 
Pivotless type breaker assembly, 44 
Planetary propeller reduction gear, 

36 
Power 

maximum, 15 

mechanical, definition, 4 

rated, 15 
Power section 

engine, 33-34 

R-1830 engine, 92 

R-2800 engine, 119-124 

turbo-prop engine, 226 
Power take-off, R-4360 engine, 192 
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Pressure baffle system, twin-row en- 
gine, 81 

Pressure control valves, 71 

Pressure gages, 74-75 

Primary circuit, 40 

Priming system, R 4360 engine, 
192 

Propeller brake, turbo-prop engine, 
245 

Propeller governor drive 

R-3350 engine, 143 

R-4360 engine, 175 
Propeller reduction gear, 35 
Propeller shaft 

oil transfer bearing, R-13W) en- 
gine, 175 

R-3350 engine, 144 

R-4360 engine, 173 

reduction gear, R-4360 engine, 
177 

reduction gearing, R-3350 engine, 
145 

Propellers, R-2800 engine, 134 
Pulse jet, 203-207 
Pumps, oil, 71 
Push rod, 23 

R-1830 engine 

blower section, 96-98 
front case, 85 
ignition, 106 

injection carburetors, 106 
intermediate rear section, 98-100 
left front view, 86 
left rear view, 87 
power section, 92 
rear section, 100-102 
reduction gearing, 90 
right side view, 88 
support plate, 91 
R-2800 engine 

front accessory section, 114 
front section, 109-114 
hydromatic propellers, 134 
ignition system, 133 
left front view, 110 
left rear view, 1 10 



lubrication system, 128-129 
main supercharger section, 124- 
128 

oil system, 129-133 
power section, 1 19-124 
reduction gear assembly, 113 
right side view, 110 
spark advance operating unit, 
118 

R-3350 engine, crankcase, 137-142 
R-4360 engine 

accessory drive case section, 192 

blower case section, 185, 190-191 

crankcase section, 179-180 

crankshaft, 181-182 

cylinder, 182-183 

deflectors, 184 

ignition system, 197 

intake manifolds, 192 

magneto drive case, 176 

pistons, 184 

priming system, 192 

propeller shaft case, J71-176 

rocker sumps, 184 

valve mechanism, 183 
Racial compressors, 212-213 
Radial engine 

lubrication, 75-78 

oil system of, 76 
Radial type engine, rod assemblies 

for, 28 
Ram jet, 203 
Rated power, 15 

Rear oil pump intermediate drive 
bevel gear, R-4360 engine, 196 
Reciprocating-type engine, 2 
in-line, 3 
radial engine, 3 
Reduction gear- assembly 
R-2800 engine, 113 
turbo-jet engine, 225 
turbo-prop engine, 239 
Reduction gear trains, turbo-prop 

engine, 241 
Reduction gearing, R-1830 engine, 
90 

Reduction gears, 35 



325 



Relief valve 

compensating type, 73 

oil pressure, 72 
Rocker arm, 23 

Rocker sumps, R-4360 engine, 184 

Rockets, 203 

Rod assemblies 
for radial type engines, 28 
for "V" type engines, 28 

Rotor assembly 

J33 turbo-jet engine, 254 
J34 turbo-jet engine, 271 

Scavenge oil system, R-2800 en 
gine, 132 

Scintilla DLN-7 magneto, R-3350- 

8 engines, 168 
Scintilla Pivot breaker assembly, 44 
Scintilla Pivotless breaker assembly, 

44 

Secondary circuit, 42 
Shafting, extension, turbo-prop en- 
gine, 239 
Slipper type piston, 25 
Spark advance cylinders, R-4360 

engine, 178 
Spark advance operating unit, 

R 2800 engine, 118 
Spark plugs, 53-55 

classification, 54 

J33 turbo-jet engine, 252 

mica-insulated, 53 
Staggered timing, 45 
Starter, J33 turbo-jet engine, 250 
Strainer, oil, 67 
Stroke 

compression, 8 

exhaust, 8 
Superchargers, 30 

case, R-2800 engine, 124 

front housing, R-3350 engine, 
141-142 

fuel drain valve, R-4360 engine, 
194 

impeller drive gear, R-4360 en- 
gine, 189 
inlet case, R-2800 engine, 127 



internal, single speed, 30 

internal, two speed, 31 

rear housing, R-3350 engine, 142 

section, engine, 34-35 
Support assemblies 

front screen, 287 

rear screen, 288 
Support plate 

R-1830 engine, 91 

R-2800 engine, 120 
Switches, ignition, 46 
Synchronized timing, 45 

T40 turbo-prop engine, 223 

Tachometer 
drive gears, R^360 engine, 195 
generator, J33 turbo-jet engine, 
248 

intermediate drive gears, R-1830 
engine, 102 
Tappet guides, R-2800 engine, 121 
Tappet oil manifolds, R-4360 en- 
gine, 180 
Thermocouple, spark plug-type, 82 
Timing 
staggered, 45 
synchronized, 45 
Torque indicating system, R-2800 

engine, 112 
Torquemeter 

booster pump, R-3350 engine, 
143-144 

booster pump, R-4360 engine, 
178 

gearing, R-4360 engine, 178 
transmitter, R— 4360 engine, 179 

Trunk type piston, 25 

Turbines, 217-218 
nozzle, 218 

rotor assembly, turbo-prop engine, 
230-231 

section, J34 turbo-jet engine, 268 
section, J42 turbo-jet engine, 285 
unit, J33 turbo-jet engine, 254- 
255 

unit assembly, turbo-prop engine, 
227 
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Turbo-jet, 203 

engine, 201-210 

lubrication system, 221 

type engine, 2 
Turbo-prop engine 

air bleed connections, 239 

combustion chamber assembly, 
227 

compressor assembly, 226 • 
cooling air system, 238-239 
extension shafting, 239 
friction clutch, 244 
fuel control assembly, 236-238 
fuel system, 233-235 
oil system, 232, 243 
power section, 226 
propeller brake, 245 
reduction gear assembly, 239 
reduction gear trains, 241 
Two-stroke cycle, 10-11 

"V" type engines, rod assemblies for, 
28 

Vacuum pump 
single drive gearing, R-4360 en- 
gine, 195 



three way adapter, R-4360 en- 
gine, 195 
Valve 

cylinders, 19 
exhaust, 7 
head, 20 
intake, 7 

spring assembly, 23 
stem, 21 

tappet guides, R-4360 engine, 
179 

Valve mechanism 

R-1830 engine, 94 

R-3350 engine, 148 

R-4360 engine, 183 
Valve-operating mechanism, 21- 
22 

R-2800 engine, 122 
Voltmetric efficiency, 13 

Water-alcohol system, J33 turbo-jet 
engine, 257 

Water injection power control sys- 
tem, R-3350-24W engine, 169 

Work, mechanical definition, 3 

Wrist pin — See Piston pin. 
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